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| voiſier has ſo deſervedly acquired as 
a chemical philoſopher, and the great re- 
volution which he has effected i in the theo- 
ry of chemiſtry, had long made it much 
defired by all the cultivators'of phyfical 
ſcience, to have a cormected account of his 
diſcoveries, and thoſe. of other chemical 
_ Philoſophers, on which his opi inions are 
| founded, together with an accurate expo. 
| ſition of the new theory, or rathet of the | 
regular concatenation of facts, "which he 2 1 
has eſtabliſhed, in conſequence of theſe dif- 
. coveries, made by himſelf and others. For 
the performance of this arduots underta- 
| King, no one could poſſibly be better qua- 
used chan Mr Lavoifier himſelf He Was 
not only thoroughly converſant in the diſ- 
| coyeries of other philoſophers, having, with 
A 3 8 infinite 


| | T. HE ery nigh than which Mr 1 14. 


4 | 
2 | 
W 1 
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infinite pains, repeated all their important 

experiments, and ſo varied moſt of them as 
to bring their reſults into a much clearer 

view, but was himſelf the author of many 
important diſcoveries. The hiſtory, there- 
fore, of theſe diſcoveries, and their proper 

arrangement, for conveying an exact idea 
of the new theory which he had deduced 
from them, could not, certainly, have been 
given to the world ſo well, or with ſo much 

propriety, by any other perſon. 

This great deſideratum in the hiſtory. 
and ſcience of chemiſtry, was accompliſhed 
in the year 1789, by the publication of the 
Elements of Chemiſtry by Mr Lavoiſier; 
and a copy of that excellent work having 
fallen accidentally into the hands of the 
tranſlator, he was eager to give it to the 
public i in Engliſh. He has received great 
ſatisfaction from the favourable. reception 
which has been given to his firſt attempt 

to mexit the favour of the public; and, 
whatever heſitation. he may have. original}. 
-h Felt, two. former editions being com- 

pletely exhauſted, is a ſufficient, induce · 

n for e formrd. SEW: ORFs 
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A new edition of the original having ap- 
peared at Paris in winter 1792-3, expecta- 
tions were formed that the author might 
have made confiderable improvements ; 
but, from a correſpondence with Mr La- 
voiſier, the tranſlator is enabled to ſay, that 
the new edition, having been printed with- 
out his knowledge, is entirely a N 
from the former. 

Some very material additions, though 
not numerous, have been made by the 
tranſlator in this edition, relative to cer- 
tain diſcoveries which have taken place 
in ſome parts of chemiſtry ſince the publi- 
cation of the original; but as theſe are all 
diſtinctly marked in their Proper places in 
the courſe of the work, it is not ene 
N to enumerate them here. | 

In the original, Mr Lavoifier employs : 
the ſcale of Reaumeur's thermometer, for 


deſcribing rhe degrees of temperature in his 
experiments: In the ſecond and third edi- 


tion of this tranſlation, theſe are uniform- 


ly transferred into their correfpondent de- 
grees on the ſcale of Fahrenheit, which lat- 
ter is univerſally uſed by the Britiſh phi- 
loſophers. The weights employed by Mr 

„ Lavoiſier 
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Lavoiſier for detailing the ingredients and 
reſults of his various experiments, are, in 
the ori iginal, expreſſed in the cuſtomary 
aliquot parts of the Paris pound, poids de 
marc, which is divided very differently 
from the Engliſh pound, either troy or a- 
yerdupois : To render theſe weights fully 
intelligible to the Britiſh reader, they are 
all, in this edition, reduced to decimal 
fractions of the pound, which will ſerve 
for all denominations. _ 
In the courſe of the e ſeveral 
explanatory notes are added; principally 
for the. purpoſe of rendering the doctrines 
of the author more readily underſtood by 
beginners, and by thoſe who have only 
been accuſtomed 'to the old language of 
chemiſtry : In conſequence, however, of 
the perſpicuity of the author, much fewer 
of theſe were found neceſſary than might 
have been expected, from the comprehen 
five nature of the work. It was intended bx 
the author to convey a general view of the 
new chemical theory, rather than to give a 
ſyſtem of chemiſtry yet ſuch is the ex- 
ae 'of wy: Pine, . execution, that, 
4 FF5àʒ with 
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with theſe limited intentions, it is the beſt 
body of chenucal philoſophy extant. 
In a ſmall number of places, the tranſ- 
lator has taken the liberty of throwing 
to the bottom of the page, in notes, ſome 
parenthetical expreſſions, not directly con- 
nected with the ſubject, which, in their o- 
riginal place, rather tended to confuſe the 
ſenſe: Theſe, and the original notes of the 
author, are diſtinguiſhed by the letter A; 
and to thoſe which the tranſlator has- ven- 
tured to add, the letter T is ſubjoined. 
Some diſcoveries, which have been made 
in various parts of chemiſtry ſince the pub- 


1 lication of the original, are added in this 


tranſlation in their proper places. 
_ Mr Lavoiſier has given, in an appendix, 
ſeveral very uſeful tables, for facilitating 


the calculations now neceſſary i in the ad- 


: vanced ſtate of modern chemiſtry, where- 
in the moſt ſcrupulous accuracy is requi- 
red: Theſe are now as indiſpenſibly requi- 

ſite to the operations of the chemical phi- 
loſopher, as the Ephimerides, and Nautical 
Almanacks, and Logarithmic Tables, are to 
the Navigator, Aſtronomer, and' Geome- 


trician. ANGE tables are all retained i in 


— 
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this tranſlation; being, however, reduced 
to the ſtandards of Britiſh weights and 
meaſures, with proper rules for making 
the neceſſary converſions from the weights 
and meaſures of France: And the tranſlator 
is proud to acknowledge his obligations to 


the learned Profeſſor of Natural Philoſophy 
in the Univerſity of Edinburgh, and to 
his friend Dr Rotheram *, who kindly ſup- 


plied him with the neceſſary information, 


and took the trouble of making a number 


of very laborious calculations, for this 
purpoſe. With the fame aſliftance, ſeveral 
very uſeful additional tables have been 
given in the Appendix, which need not 


be here enumerated, as they will diſtindt-- 


ly * in their proper ee 


POST, SCRIPT to the 7 170 Edition. | | , 


THE Philofophical World has now TY 
nitely to deplore the tragical and untimely 
death of the great LAvorsrER; who has 
left 3 A rare 8 8 5 of ſplendid talents and 

5 5 great 

* * Formerly Aſftant to Dr Black, Profelſir of Chemif. | 


try in the Univerſity of Edinburgh, and now Profeſſor of 


Natural Philoſophy i in the Univerſity of St Andrew's. 
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great wealth, at the ſame time immerſed 
in numerous and important public employ- 
ments, which he executed with diligent in- 
telligence, and devoting his princely for- 
tune and vaſt abilities to the ſedulous cul- 
tivation and moſt ſucceſsful improvement 
of the Sciences. - If the ſanguinary tyran- 
ny of the monſter Robeſpierre had com- 
mitted only that outrage againſt eternal 
Juſtice, a ſucceeding age of the moſt per- 
fect gevernment would ſcarcely have ſuffi- 
ced, to France and to the world, to repair 
the prodigious injury that loſs has produged 
to chemiſtry, and to all the ſciences aud 
economical arts with which it is connected, 
Had Lavoiſier lived, as expreſſed in a 
letter received from <a by the tranflator 
ſhort while before his maſſacre, it was 
his 1 intention to have republiſ thed thefe Ele- 
ments in an entirely new form, compoſing 
a Complete Syſtem of Philofophical Che- 
miftry : And, as a mark of his ſarisfaction 
with the fidelity of this tranſlation, he pro- 
poſed to have conveyed to the tranſlator, 
ſheet by ſheet, as it ſhould, come from the 
preſs a that new and invaluable work, alas! 


now for ever f 
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W. 1 began the following Work, MAY 
, only object was to extend and explain 
more fully the Memoir which I read at the pu- 
blic meeting of the Academy of Sciences i in the 
month of April 1789, on the neceſſity of re- 
| forming and completing the Nomenclature of * 
Chemiſtry. While engaged in this employment, | 
1 perceived, better than I had ever done before, 
the juſtice of the following maxims of the Abbe 
de Condillac, in his (rite of Logic, and ſome. 
— other of his works. | 
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„We think 2d through the medium of 
= 6c words—Languages are true analytical me- 
N | * N | 0 : - N 41 * thods. 
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4 thods,—Algebra, which is adapted to its pur- 
« poſe in every ſpecies of expreſſion, in the 


moſt fimple, moſt exact, and beſt manner 


« poſſible, is at the ſame time a language and 
« an analytical method. —The art of reaſoning 
„ ig nothing more than a language well arran- 
66 ged. 72 


Thus, while 1 thought myſelf employed only 
in forming a Nomenclature, and while I propo- 
ſed to myſelf nothing more than to improve the 
chemical language, my work transformed itſelf | 
by degrees, without my being able to prevent 
it, into a treatiſe e the Elements of Che- 
| OP” 


The impoſſibility of ſeparating the Nomen- 
clature of a ſcience from the ſcience itſelf, is 
owing to this, that every branch of phyſical ſci- 
ence muſt confiſt of three things ; - the ſeries of 
facts which are the objects of the ſeience; the 
95 ideas which repreſented theſe facts; and the words 
by which theſe ideas are expreſſed. Like three 
ümp eſſions of the ſame ſeal, the word ought to 
produce the idea, and the idea to be a picture of 


the fact. And, as ideas are preſerved and com- 


municated hy męans of words, it neceſfatily fol- | 
+& 1 L164 7 | | lows, 
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lows, that we cannot improve the language of 
any tence, without at the ſame time improving 
the ſcience itſelf; neither can we, on the other 
hand, e a ſcience, without improving the 
language or nomenclature which belongs to it. 
However certain the facts of any ſcience may 
be, and however juſt the ideas we may have 
formed of theſe facts, we can only communicate 
falſe or imperfect impreſſions of theſe ideas to 
others, while we want words by which they may / 
a Properly expreſſed. WS 


z 


To thoſe who will conliger it with attoritinm; 
the firſt part of this treatiſe will afford frequent 
proofs of the truth of theſe obſervations. But as, 
in the conduct of my work, I have been obliged 
to obſerve an order of arrangement eſſentially 
differing from what has been adopted in any 
other chemical work yet publiſhed, it is proper 
that 1 ſhould explain the tmotives \ which have 
led me to Jas that arrangement. 


11 is a maxim univerſally Ants in Ge | 
try, and indeed in every branch of knowledge, 
that, in the progreſs of inveſtigation, we ſhould 
proceed from known facts to what is unknown. 


In early infancy, our e ſpring from our 
2 70 3 5 | wants, 
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wants, the ſenſation of want exciting the idea of 
| the object by which it is to be gratified. In 
this manaer, from a ſeries of ſenſations, obſerva- 
tions, and analyſes, a ſucoeſſive train of ideas a- 
riſes, ſo linked together, that an attentive obſer- 
ver may trace back, to a certain point, the order 
and connection of the whole ſum of human know - 

ledge. 


| When we * the * of any a 
we are in a fituation, reſpecting that ſcience, - 
ſimilar to children; and the courſe by which 
we have to advance, is preciſely the ſame which | 
Nature follows in the formation of their ideas. 
In a child, the idea is merely an effect produced 
by a ſenſation; and, in the ſame manner, in 
commencing the ſtudy of a phyſical ſcience, we 
ought to form no idea but what is a neceſſary 
conſequence, and immediate effect, of an expe· 
riment or obſervation. Beſides, he who enters 
upon the career of ſcience, is in a leſs advanta- 
gecus ſituation than a child who is acquiring 
his firſt ideas. To the child, Nature gives va- 
rious means of rectifying any miſtakes he may 
commit reſpecting the ſalutary or hurtful quali- 
ties of the objects which ſurround him. On 
e occafion his judgments are crrected by 
6:3 experience; ; 
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experience; want and pain are the neceſſary con. 
ſequences ariſing from falſe judgment; gratifi- 
cation and pleaſure are produced by judging 
aright. Under ſuch maſters, we canot fail to 
become well informed ; and we ſoon learn to rea- 
ſon juſtly, when want and pain are the neceſſary < 
_ conſequences of a contrary conduct. | 


An che ſtudy and practice of the ſeiences it is 
entirely different; the falſe judgments we may 
form neither affe& our exiſtence nor our welfare; 
and we are not compelled by any phyſical neceſſi- 
ty to correct them. Imagination, on the contra- 
ry, which is ever wandering beyond the bounds © 
of truth, joined to ſelf-love and that ſelf-confi- 
dence we are ſo apt to indulge, prompt us to draw 
conclufions which are not immediately: derived 
from facts; ſo that we become in ſome meaſure 
| Intereſted in deceiving ourſelves. Hence it is by 
no means ſurpriſing, that, in the ſcience of phy- 
ies in general, men have ſo often formed ſuppo- 


tions, inſtead of drawing concluſions. Theſe 


ſuppoſitions, handed down from one age to an- 
other, acquire additional weight from the autho- | 
aities by which they are ſupported, till at laſt 
they are received, even Oy men a MY : 


fundamental truths. - e eee 
. 2 37S] 14 70 #. \ | The 
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The only method of preventing ſuch errors 
fr am taking place, and of correcting them when 
formed, is to reſtrain and-ſiwplify, our reaſoning 
as much as poſſible. This depends entirely on 
ourſelyes, and the neglect of it is the only 
| ſource of gur miſtakes. We muſt; truſt. ta no- 
Nature, and cannot deceive. We oußzht, in 
2 every inſtance; to ſubmit our renſoning to the 
teſt of experiment, and never to ſearch for truth; 
but by the natural road of experiment and ob- 
ſervation; Thus mathematicians obtain the ſo- 
lution of a; problem; by the mere arrangement 
ol data, and by reducing their reaſoning/to ſuch 
fimple ſteps, and to coneluſians ſo very obvious 
as never to loſe ſight of the evidence which guides 
them. 7 11285 1 of 81 ng Ane 


2204 


— 4 Thoroughly marinenicof flieſs truths, 1 hve 
impoſed, UPON; myſelf; As 8 law, never to ad- 
vance but from what is known to wt is un- 
known; never to form any concluſion which is 
not an immediate conſequence neceſſarily flow: 
ing from obſervation and experiment; and al- 
ways to arrange the facts, and the coneluſions 
which are drawn from them, in ſuch an order 
4 e render it moſt eaſy for beginners i in the 


B ſtudy 
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ſtudy or Sbemiſtty thoroughly to underſtand 
them. Henee T have been 6bliged to depart from 
the order uſually obſerved in courſes of lectures 
and treatiſes upon chetmiſtry; which always aſ- 
ſame thi firſt prineiples of the ſcience as known, 
whertas'the pupil or the reader ſhould never be 
| ſuppoſett#know them till they have been ex- 
plained in ſubſequent leſſons. In almoſt every 
inſtance; chemical authors and lecturers 0 5 
by treating of the elements of matter, and by 
explaining the table of affinities; without con- 
ſidering, that, in ſo: doing, they muſt bring the 
principal phenomena of chemiſtry into view at 
the very outſet: They make uſe of terms Which 
| have not been defined, and ſuppoſe tlie ſcience 
to be: underſtood by the very Pr 88 are 
only beginning to teach. 


I ought like wiſe to be confdered, that very 
little of chemiſtry can be learned in a firſt courſe, 
Which is hardly ſufficient to make "the language 
of theiſcience familiar to the ears, or the appara- | 
tus familiar to the eyes. It is almoſt itmpoſſible ? 
to become a chemiſt in" leſs than thres'or fout 


years of ne m | 
$3. rep f1 4 $476; 11 * 384% . | 110 . 
7 | Thels in inconveniences are ata ma fo 
6&7 > ab 8 | 
$4. * much | 


much by the nature of the ſubject, as by the 
method of teaching it; and, to avoid them, I 
was chiefly induced to adopt a new arrangement 
of chemiſtry, which appeared to me more con- 
ſonant to the order of Nature. I acknowledge; 
however, that iti thus endeavouring to avoid 
difficulties of one kind, 1 have found myſelf in- 
volved in others of à different ſpecies; ſome of 
which 1 have not been able to remove ; but T 
am perſuaded, that ſuch as remain do not ariſe 
from the nature of the order I have adopted; 
but are rather conſequences of the imperfection 
under which chemiſtry ill labours. This ſcience 
has many chaſms, which interrupt the ſeries 
bol facts, and often render it extremely difficult 
to reconcile theſe with each other: It has not, 
like the elements of geometry, the advantage of 
being 4 complete ſcience, the parts of which are 
all eloſely connected together: Its actual pro- 
greſs, however, is ſo rapid, and the facts, under 
the modern doctrine, have aſfumed ſo happy an 
arrangement, that we have ground to hope, eren 
in our own times, to ſee it approach near to the 
higheſt ſtate of perfection of which it is ſuſcep- 


"0 rigorous 1 law from which I have never 
9 N ; © deviated, 
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deviated of forming no concluſions which are 
not fully warranted by experiment, and of never 
ſupplying the ahſenee of facts, has prevented me 
from comprehending in this work the branch 
of chemiſtry which treats of affinities, although 
i is perhaps the beſt calculated ef any part of 
chemiſtry. for being reduced into a completely 
ſyſtematie body. Meſſrs Geoffroy, Gellert, Berg- 
man, Scheele, De Morveau, Kirwan, and many 
others, have collected a great number of particu; 
lar facts upon this ſubject, which only wait for a 
proper le at but the principal data are 
* not fuflciently at or not ſulteientiy 
| proved, to become the. foundation for a fo very, 
important branch of chemiſtry. This ſcience; of 
affinities, or electiye attractions, holds the ſame 
place with regard, to, the other branches of che- 
miſtry, that the higher 0 or tranſcendental geomes. 
try does with reſpect tot e ſimpler and elemen- 
tary part; 5 and 1 thought t improper to involve 
thoſe fimple and Plain elements, which I flatter 
myſelf the greateſt part of my readers will eaſily. 
underſtand, in the obſcurities and difficulties 
which Ril attend that other very uſeful and ne- 
0 bene branch of chemical ſcience. 


7. 4 p 5 — — 1 4 
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Perhaps a Gene of fell love may; without 
* my 


my perceiying/it, have given additional force'th 
_ theſe reflections. Mr de Morveau is at preſent 
engaged in publiſhing the article Affinity. in the 
| Methodical Encyclopedia ; and I. had more rea- 
ſons than one to decline entering. upon 5 work 


in which he j is employed. 


It will, no doubt, be a matter of ſurpriſe, that 
in a treatiſe upon the elements of chemiſtry, 
chere ſhould be no chapter on the conſtituent 
and elementary Parts of matter; but I may 
here obſerve, that the fondneſs for reducing all 
the bodies in nature to three or four elements, 
proceeds from a prejudiee which has deſcended 
to us from the Greek Philoſophers.” The notion 
of four elements, which, by the variety of theit 
proportions, 'compoſe all the known ſubſtances 
in” nature, is d mere bypothefis, afſumed long 
before the firſt: principles of experimental philo- 
1 ſophia: of chemiftry had any exiſtenee. In 
thoſe days, without poſſelſing facts, they fram- 
eld ſyſtems z while we, who have collected facts, 
ſeem determined to reject even theſe, when 
they do not agree with our prejudices. The 
authority of thoſe fathers of human philoſophy 
Mill TOY great weight, and there is "reaſon to 
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fear that it will even bear n ae TED 
Fer. to come. 


2 It 18 very remarkable, notwithſtanding the 
number of philoſaphical e chemiſts who have ſup» 


| ported the doctrine of the four elements, chat 


there is not one who has not been led, by the 
evidence of facts, to admit a greater id of 
elements into their theory. The firſt chemical 
authors, after the reviyal of letters, confider- 
ed ſulphur and ſalt as elementary ſubſtances en 
tering into the: compoſitign of a great nde 
of bodies; hence, inſtead of four, they admit- 


ted the exiſtence. of ix elements. Beecher aſ- 


ſumed the exiſtence of three kinds of earth; 


from the combination of which, in different 
Proportions, he ſuppoſed. all the varieties of me- 
tallic ſubſtances to be produced. Stahl gave a 


fication to this ſyſtem: And ſucceed- 


* chamilly -haye taken the liberty to make or 


to imagine changes and additions of a ſimilar 
nature. All theſe. chemiſts were carried: along 
by the genius of the age in which they lived, 


| being ſatisfied with aſſertions inſtead of proofs; 


or, at leaſt, often admitting as proofs the flight- | 


eſt degrees of benim, . by that 
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ſtrictly rigorous analyſis which. 18 reduired ws 
modern philoſoph rr. 


All that can be ſaid upon the number and 
nature of elements is, in my opinion, confined 
to diſcuſſions entirely of a metaphyſical nature. 
The ſubject only furniſhes us with indefinite 
problems, which may be ſolved in a thouſand 
different ways, not one of which, in all probabi- 
- lity, is conſiſtent with nature. I hall, thexefore, 
only add upon this ſubject, that if, by the term 
elemente, we mean to expreſs thoſe ſimple and 
indiviſble atoms of which matter is compoſod, 
it is extremely probable we know nothing at all 
about them; but, if we apply the term elements 


or principles bodier, to expreſs dur idea of tlie 


laſt point which analyſis is capable of reaching, 
we muſt admit, as elements, all the ſubſtances 
into Which we are able to reduce bodies by de- 
compoſition. Not that we are entitled to affirm, 
chat theſe ſubſtances which we confidetas ſimple, 
may not (themſelves be compounded of two, or 
even of a greater number of more ſimple prinei- 
ples; but ſince theſe principles cannot be ſe- 
parated, or rather ſince we haye not hitherto 
diſcovered the means of ſeparating them, they 
act with — to us as ſimple ſubſtances, and 
B 4 | we 
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es bought never +6/ ſuppoſe them: compounded 
until experiment and obſervation have 2 


h to be ſo, 


The foregaing refletions upon the i pride 
of chemical ideas naturally apply to the words 
by which theſe ideas are expreſſed. Guided 
by the work which, in the year 1787, Meſſys 
de Morveau, Berthallet, de Foureroy, and I 

dompoſed upon the Nomenclature of Chemiſtry, 

L have endeavoured, as much as poſſible, to de- 

Inominate ſimple bodies by ſimple terms, and I 
was naturally led to name theſe firſt. It will he 
rxecollected, that we were obliged to retain that 
name of any ſubſtance by which it had been 
long known-in. the world, and that in two caſes 
pnly we took the;liberty: of making alterations; 
firſt, in the caſe of thoſe Which were hut newly 
-diſcovered;:iand: had not yet obtained names, or 
at leaſt Which bad been known but for a ſhort ä 
time, and the names of which had not yet re- 
ceived the ſanction of the public and ſecond- 

Aly, when the names which had been adopted, 

whether by the ancients or the moderns, appear- 

ed tous tot expreſs evidently. falſe ideas; when 
hey confounded the ſubſtances; to which they 
| were applied, with others poſſeſſed of different, 

9 = + N 


Fd e 7 
PNE FAC E. A xv 


or perhaps oppoſite qualities. We made no 
'feruple, i in this caſe, of ſubſtitüting other names 
in their room, and the greater number of theſe 
"were borrowed from the Creek: language.” We 
' endeavoured to frame them in füch a manner 
as to expreſs the moſt general and the moſt 
characteriſtic quality of the ſubſtarices ; and this 
{ was attended with the additibnul advantage both 
of affiting the memory of beginners, who find 
: "I difficult to remember a new word which has 
no meaning, and of accuſtoming them early to 
admit no word without connecting with z it Toe 
"Acterminits dea. 73 416 TH engel 50 a2. 


1 thoſe 1 158 are . forhed by, the 
vniod of ſeveral ſimple ſubſtances, we gave new 
names compounded. in ſuch a manner as the 
nature of the ſubſtances directed; but, as the 
number of known double combinations i is already 

very conſiderable, the only method by which we 
could avoid confufion, was to divide theſe into 
claſſes. In the natural order of ideas, the name 
of the claſh or genus is that which expreſfes a 
quality common to a' great number of indivi- 
duals; the name of the ſpecies, on the contra- 
ry, expreſſes a quality | mages to certain indivi- | 
__ 1 n nne = | | 81-907 
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. Theſe diſtinctions are not, as ſome may, ima- 
F gine, merely metaphyſical, but are, eſtabliſhed 
by Nature. . A child,” ſays the Abb de Con- 
dillac, © js taught to giye the name tree to the 
1 firſt which is pointed out to him. The next 
tree he ſees preſents the ſame idea, and he 
- gives it the ſame name. This be does likewiſe 
5 to a third and a fourth, il at lat. the ward 


* © > 


«, « comes to p+.cmplayed by biw as F 
7 a clais or a genus; ĩt becomes an abſtract idea, 
„ which comprehends all trees in general, But 
“ when he learns that all trees do not ſerve the 
« ſame purpoſe, that they do not all produce 
the ſame kind of fruit, he ſoon diſtinguiſhes 
them by ſpecific and particular names,” This 
is the logic of all the ſciences, and! is Oe na- 
A applicable to chemiſtry. Marlon 


4 © 201. 45 


6 The acids, for: example, are comp Hs of 
1 700 ſubſtances, which we conſider as ſimple; 
the one conſtitutes acidity, and is common to all 
acids, and, from this ſubſtance, the name of the 
| claſs or the genus ought to be taken; the other 
| js. peculiar 1 to each acid, and diſtinguiſhes it from 5 
ite reſt, and from this ſubſtance. is to be taken : 
the name of the ſpecies. But, in the greater 
number of acids, theſe two conſtituent ele- 
: 7 | ments, 
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ments, the acidifying principle, and that which 
it acidifies, may exiſt in different proportions, 
_ conſtituting all the poſſible points of equilibrium 
or of ſaturation. This is the caſe in the ſulphu- 
ric and the ſulphurous acids; and theſe two 
ſtates of the ſame acid we have marked by vary- 
ing the termination of the ſpecite name. 


| Metallic ſubſtances whictr have been expoſed 
to the joint action of the air and of fire, loſe 
their metallic luſtre, increaſe i in weight, and aſ- 
ſume an earthy appearance. In this ſtate, like 
the acids, they are compounded of a principle 
which is common to all, and of © one which is pe- 
culiar to each. In the ſame way, therefore, we 
have thought proper to claſs them under a ge- | 
nerio name, derived from the common prin- 
ciple; for which purpoſe, we have adopted the 
term oxyd; and we diſtinguiſh them from each 
other by the particular name of * metal to 
which each belongs. 


Combuſtible ſubſtances, which in actds and 
metallic oxyds are ſpecific and particular prin- 
ciples, are capable of becoming, in their turn, 

common principles of a great number of com- 
1 7 888 "The rx oa cotnbinations Have 
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been long the only known ones in this kind: 
Now, however, we know, from the experiments 
of Meſſrs Vandermonde, Monge, and Berthol- 
let, that carbon may be combined with iron, 
and perhaps with ſeveral other metals; and that, 
from this combination, according to the propor- 
a tions, may be produced ſteel, plumbago, &cc. 
! We know likewiſe, from the experiments of M. 
Pelletier, that phoſphorus may be combined with 
a great number of metallic ſubſtances. Theſe 
different combinations we have claſſed under ge- 
neric names taken from the common ſubſtance, 
with a termination which marks this analogy, h 
ſpecifying | them by another name taken from 
that ſubſtance which is proper t: to each. 


The nomenclature of bodies e ee of 
three ſimple ſubſtances was attended with ſtill 
greater difficulty; not only on aceount of their 
number, but particularly, becauſe we cannot 
expreſs the nature of their conſtituent principles 
Mirhont employing more compound names. In 
the bodies, which. form this claſs, ſuch. as the 
neutral ſals, for inſtance, we had to conſider, 5 
Iſt, The aoigifying, principle 1 which i is common 4 
| to them all; 2d, The acidifiable principle which 19 


cnſtitutes their peculiar acid; 3d, The ſaline, 
_ earthy, 
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earthy, or metallic baſis, which determines the 
particular ſpecies of ſalt. Here weiderived the 
name of each claſs of ſalts from the name of the 
acidifiable principle common to all the indivi- 
duals of that claſs; and diſtinguiſhed each ſpecies 
by the name of its peculiar ute _—_ or me- 
tallic . . 1100 


Wo ſalt, though compounded of the fame 3 
principles, may, nevertheleſs, by the mere diffe- 
rence of their proportion, be in three different 
ſtates of ſaturation. The nomenclature we 
have adopted would have been defective, had it 
not expreſſed theſe different ſtates ; and this we. 
attained chiefly by changes of termination uni- 
formly applied to the ſame ſtate of the different 
ſalts. | 


i "IIS we bake advanced: ſo far, that from 
the name alone may be inſtantly found; what 
the combuſtable ſubſtance is which enters into 
any combination; whether that combuſtible ſub- 
ſtance be combined with the acidifying prin- 
ciple, and in what proportion; what is the ſtate 
of the acid; with what baſis it is united; whe-" 
ther the ſaturation be exact, or whether Nan acid 
or the baſis be in exceſs. 


It 


© 
1 
1 
3 
| 
1 
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It may eaſily be ſuppoſed that it was not poſ- 
ſible, to attain all theſe different objects without 


departing, in ſome inſtances, from eſtabliſhed 
cuſtom, and adopting terms which, at firſt fight, 


may appear uncouth and barbarous. But we 


|  confidered; that the ear is ſoon habituated to 
new words, eſpecially when they are connected 


with a general and rational ſyſtem. The names, 
beſides, which were formerly employed, ſuch as 
powder of algaroth, ſalt of alembroth, pompholix, 


pPbagadenic water, turbith mineral, colcothar, and 


many others, were neither leſs barbarous nor 


leſs uncommon. It required a great deal of Prac- 


rice, and no ſmall degree of memory, to recollect 
the fubſtances to which they were applied; much 


more to recollect the genus of combination to 
which they belonged. The names of oi of tar- 


tar per diliguium, oil of vitriol, butter of arſenic 
and of antimony, flowers of zinc &c. were ſtill 
more improper, becauſe they ſuggeſted falſe 
ideas; for, in the whole mineral kingdom, and 
particularly in the metallic claſs, there exiſts no 
ſuch thing as butters, oils, or flowers; in ſhort, 
the ſubſtances to which theſe par als names 
were ”—_ are rank PO | 
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When we publiſhed our effay on the Nomen- 
clature of Chemiſtry, we were reproached for 
having changed the language which was ſpoken 
by our maſters, which they ſtamped with their 
authority, and have handed down to us. But 
thoſe who reproach us on this account, have for- 
gotten that Bergman and Macquer urged us to 
make this reformation :. In a letter which the 
learned Profeſſor of Upſal, M. Bergman, wrote, 
a ſhort time before. he died, to Mr Morveau, he 
bids him ſpare no improper names ; thoſe who are 
learned, will always be learned, and thoſe who 
are ignorant will thus learn ſooner. 


There is an objection to this work, which i is 
perhaps better founded; that 1 have given no 
account of the opinions of thoſe who have gone 
before me, and have only ſtated my own with. 
out examining thoſe of others. By this I have 
deen prevented from doing that juſtice. to my 
_ affvciates,” and more eſpecially fo foreign- che- 
miſts, which I wiſhed to render them. But 1 
beſeech the reader to conſider, that, if "had fil- 
led an elementary work with a multitude of quo- 
tations, if 1 had allowed myſelf to enter into 
long diſſertations on the hiſtory of the ſcience, 
and the works of thoſe Who have dudied i it, I 


muſt 


„„ | gt 


muſt have Joſt fight. of the true object I had in 
view, and ſhould have produced a work sxtreme- 
* tireſome to beginners. Sil Dagan Sni en 
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It is not the hiſtory df the ſcience; or of the 
human mind; that we are to attempt in an ele- 
mentary treatiſe. Our only aim ſhould be tafe 
and perſpicuity; and with the utmoſt cafe to 
keep every thing out bf view which may draw 
aſide the attention of the ſtudent.” It is a toad | 
which we ſhould be continually rendering more 
ſmooth; and from which we niuſt endeavour to 
remove every obſtacle which can dccafion delay. 
The ſciences, from their own nature Preſent 
a ſufficient number of difficulties, though we 
add not thoſe which. are foreign. But, beſides 
this, chemiſts will eaſily perceiye,, that, in the 
firſt part, of my work, J make; very little uſe of 
any experiments but thoſe which. were made by 
m ylelf. _ If at any time. J have adopted. without 
acknowledgment, the experiments or the opi- 
nions of M. Berthollet, M. Foureroy, M. de la 
Place, M. Monge, or, in general, of any of thoſe 
whoſe principles are the ſame with my own, it 
is owing. to this circumſtance, that frequent in- 
| tercourſe, and the habit of communicating our 

Pr our obſeryations and our ways of think- | 


7 Fs ing, 
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iag, to each other, has eſtabliſhed between us 
a ſort of community of opinions, in which it is 
often difficult for every one to know his own. 


Theſe remarks on the order which I thought 
myſelf obliged to follow in the ar -rangement of 
proofs and ideas, are to be applied only to the 
firſt part of this work. It is the only one which 
contains the general ſum of the doctrine I have 
adopted, and to which I wiſhed to give a form 
completely elementary. a 


The ſecond part is compoſed chiefly af tables 
of the nomenclature of the neutral ſalts, To 
theſe I have only added general explanations, the 
object of which is to point out the moſt ſimple 
proceſſes for obtaining the different kinds of 
| known acids. This part contains nothing which 
I can call my own, and preſents only a very 
ſhort abridgment of the reſults of theſe proceſ- 
ſes, extracted from- the works of ee au- 
thors. | 


© In the third part, I have. given a deſcription, 
in detail, of all the operations connected with 
modern chemiſtry. I have long thought that a 
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work of this kind was much wanted, and I am 
convinced it will not be without its uſe. The 
method of performing experiments, and particu- 
larly thoſe of modern chemiſtry, is not ſo general- 
Iy known as It ought to be; and had I, in the dif. 
ferent Memoirs which I have preſented. to the 
Academy, been more particular i in the detail of 
the manipulations of my experiments, it is pro- 
bable I ſhould have made myſelf better under- 
ſtood, and the ſcience might have made a more 
rapid progreſs. The order for the different mat- 
ters contained in this third part appears to me 
almoſt arbitrary ; and the only one I have ob- 
ſerved is to claſs together, in each of the chapters 
of which it is compoſed, thoſe operations which 
are moſt connected with one another. I need 
hardly mention, that this part could not be bor- = 
rowed from any other work, and that, in the 

principal articles it contains, I could not derive 


_ afliſtance from any thing but the experiments 


which I have made myſelf. 

LY ſhall conclude this preface by tranſcribing, 

literally, ſome obſervations of the Abbe de Con- 

dillac, which I think deſcribe, with a good deal 

8 of truth, the ſtate of Chemiſtry at a period not 
= | far 
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far diſtant from our own. Theſe obſervations 

were made on a different ſubject; but they will 

not on this account, My leſs force, if the _ 
cation of them be juſt. | 


. Inſtead of applying Sweden to the things 
we wiſhed to know, we have choſen rather to 
imagine them. Advancing from one ill-found- 
ed ſuppoſition to another, we have at laſt be- 
* wildered ourſelves amid a multitude of errors. 
Theſe errors, becoming prejudices, are, of 
_ * courſe, adopted as principles, and we thus be- 

wilder ourſelves more and more. The method, 
'* too, by which we conduct our reaſonings 1s 
* abſurd ; we abuſe words which we do not un- 
« derftand, and call this the art of reaſoning. 
* When matters have been brought this length, 
« when errors have been thus accumulated, there 
is but one remedy, by which order can be re- 
* ſtored to the faculty of thinking; this is, to 
forget all that we have learned, to trace back 
* our ideas to their ſource, to follow the train in 
which they riſe, and, as Lord Bacon ſays, to 
frame the human underſtanding anew. 


This remedy becomes the more difficult, in 


proportion as we think ourſelves the more 
C 2 = OM leärned. 
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learned. Might it not be thought, that works 
* which treat of the ſciences with the utmoſt per- 
* ſpicuity, and with the greateſt order and pre- 
« cifion, muſt be underſtood by every body? 
The fact is, thoſe who have never ſtudied any 


thing will underſtand them better than thoſe 


who have ſtudied a great deal, and eſpecially 
than thoſe who have written a great deal.” 


> 5 


In another place the Abbe de Condillac adds: 
But, notwithſtanding, the ſciences have impro- 
ved, becauſe philoſophers have applied them- 
* ſelves with more attention than formerly to ob- 
* ſerve Nature, and have communicated to their 
language that preciſion. and accuracy which 
they have employed in their obſervations.— By 
* correcting their language they haye reaſoned 
$ 1 
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the Combinations. of Caloric, and the Formation 
; ; Aeriform Fluids. 

Jus eee 1 Jo. oldege ee Hao 417 
AT every body, whether ſolid or fluid, 
is augmented in all its nſions by any 
Make of its fenfible heat, was long ago 


N 


eftabliſhed as a phyſicataxiom, or univerſal pro- 
| Poſition, by the celebrated” Boerhaave. Such 
facts as have been adduced for controverting the 

D generality 
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generality of this principle, offer only nn 
refults, &, & leßſt, fijchjs afe fo cquplicated 
with foreign circumſtances, as to miſlead the 
judgment. But, when, we ſeparately conſider 
the effects, ſo as to deduce each from 7 cauſe 


to x N. ſeparaſe 170 he long it 3 
perceive that the Road 5 particles by eat 


is a conſtant and general law of nature, 

When we have heated a ſolid body to a cer- 
tain degree, and have thereby cauſed its parti- 
cles to ſeparate from, each other, if we allow the 
body to coal, its pal icles again approach each 
other, in the ſame proportion in which they were 
ſep 424 b The . erelled temgeratüre; ache bo- 
uy ORD y tße (hire Geigbes F expafiſion 
FRreegh Which” it” befbrę- extended; and; if 
brought hack to the ſame temperature which it 
poſſeſſed at the commencement of the experi- 
ment, it recovers exactl the Jams dimenſions 
which it formerly obuffich! e are ſtill ve- 
ry far from being able to > Pr 8 the degree of | 
able old, or total ep rivation of Heat, being | 
unacquainte Kn w a de bf voldneſs which 
we cannot ſuppoſe capable of ſtill further aug⸗ 
mentation hence it tolows, that wę axe 
. pable-pfcanfing the;phimare particles of b 
to approach each other ag near — ay, 
that theſe parcel: t bodies do not touch each 
other in any; ſtate; hitherto known,; Though 


3 " fü, 103 b92wbbs nod ond as of 
ese 0 | 


OF; CHEMISTRY. 51 


this be a e e eren it is EY 
tosbs denied. 8 bio © 
It may be aappated, wat, ſince abs itn of 
bodies are thus continually impelled hy cheat to 
ſeparate from each other, they would have no 
connection between themſelves; and that, of 
conſquence, ther could be no ſolidity in na- 
ture, unleſs theſe particles were held together 
by ſome other power which tended to unite 
them, and, ſo to ſpeak, to chain them together: 
This power, whatever be its cauſe, or me 
of operation, is named Attraction 
Thus the particles of all bodies may be con- 
Bdepel u- fubjetito the wftion of two oppoſite 
powers, Repulſion and. Attraction, between 
which they remain in equilibrio. So long as the 
attractive force remains ſtronger, the body muſt 
eontinue in a ſtate of ſolidity; but if, on the 
conttary, heat has ſo far removed theſe parti - 
eles from each other as to place: them beyond 
the ſphere of attraction, they loſe the ooheſion 
they before had with eee and nne 
ceaſed xe lid. mw igoitorigog s; 
Water gives ut a M ws nde 
ple of theſe facts. Whilſt below ga of Fahren 


heit's ſcale'#®, it remains ſolid, and is called ice. 
D 2 Above 


by Whenever the degree of heat occurs in the original, | 
i, n ene mers free: 


— 
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Above that degree of temperature, its particles 
being no longer held together by reciprocal at- 
traction it becomes liquid.; and, when we raiſe 
its temperature above 1120, its particles, giving 
way to the repulſion cauſed by the heat, aſſume 
the ſtate of vapour or gas, ad the water is 
changed into an acriform fluid. 
The ſame may be affirmed of all e in 
nature: They are either ſolid, or liquid, or in 
the ſtate of elaſtic aëriform vapour, according 
to the proportion which takes place between 
the attractive force inherent in their particles, 
and the repulſive power of the heat acting upon 
theſe; or, what amounts to the ſame thing, in 
| ooojortion. to the degrees on - bd FRG oy 
ave expoſed D f rt ror foe 
It is difficult e this" eme 
na, without admitting them as the effects of a 
real and material ſubſtance, or very ſubtile fluid, 
which; inſinuating itſelf: between the particles. 
of bodies, ſeparates them from each other. Even 
allowing that the ex iſtence of this fluid may be 
hypothetical, we ſhall ſee in the ſequel that it 
explains the: n of nature in e 


tisfactory manner. 2 Hin * £2336! 4+ 560 15 | 
This bd whatever: is, being the nie 
Sv e . f 


gene but ths tranſliede 'kas'rhought'it more conve- 
| nient to” uſe Fabrenheit's'Kale, "4s more generalſy em. 
ployed and 3 in Britain —T. 
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we call war mth; ö being cauſed by the-accumula- 8 


tion of this ſubſtance, we cannot, in ſtrict lan- 
guage; diſtinguiſh- it by the term heat, becauſe 
the ſame name would then very improperly ex- 
preſs both cauſe and effect. For this reaſon, in 
the memoir which I publiſhed in 1777, I gave 
it the names of igneous fluid and matter f beat 
And, fince that time, in the work + publiſhed 
by Mr de Morveau, Mr Berthollet, Mr de Four - 
croy, and myſelf, upon the reformation of che- 
mical-nomenclature, we thought it neceſſary to 


rejecb all periphraftic ex preſſions, which both 


lengthen phyſical language, and render it leſs 
diſtinct, and which even frequently does not 
convey ſufficiently juſt ideas of the object in- 
tended. Wherefotre, we have diſtinguiſhed the 
cauſe of heat, or that exquiſitely elaſtie fluid 
which produces it, by the term of caloric. Be- 
ſides, that this expreſſion fulfils our object in the 
ſyſtem which we have adopted, it poſſeſſes this far- 
ther advantage, that it accords with every ſpecies 
of opinion; ' fince; ſtrictly ſpeaking, we are not 
obliged to ſuppoſe this to be a real ſubſtance, it 
being dufficient, as will more clearly appear in the 
le v it 1 conſidered as the 
78 Moi Sol 'D * 2 — Bs, NEE 
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repulſi ve cauſe, whatever that may be, which ſe- 
parates the particles of matter from each other; 
ſo that we are ſtill at liberty to inveſtigate its ef- 
fects in an abſtract and mathematical manner. 
In the preſent ſtate of our knowledge, we are 
unable to determine whether light be a modifi- 
cation of caloric, or if. caloric: be, on the contra- 
ry, a modification of light. This, however, is 
indiſputable, that in a ſyſtem where only deci- 
ded facts are admiſſiblꝭ aud where we avoid, as 
far as poſſible, to ſuppoſe any thing to be, that 
is not really known to exiſt, we ought proviſion- 
ally to diſtinguiſn, by diſtinct terms, ſuch things 
as are known to produce different effects. We 
therefore diſtinguiſh light from caloric; though 
we do not therefore deny that theſe have certain 
qualities in common, and that, in certain cir- 
cumitances, they combine with other bodies al- 
moſt in the ſame — N anne | 
the ſame effects. Hel in 
What I have already fad ay: Laſker: to- des 
dmg the idea affixed to the word caloric; 
but there remains a more diflicult : attempt, 
which is, to give a juſt conception of the man- 
ner in which caloric acts upon other bodies. 
Since this ſubtile matter penetrates through the 
pores of all known ſubſtances ; fince there are 
no veſſels through which it cannot eſcape ; and, 
confequently, as there are none which are capa- 
ble of NE it; we can _ come at the 
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knowledge of its properties by effects which are 
fleeting and difficultly aſcertainable. It is in 
thoſe things which we neither ſee nr feel, that 
it is eſpecially neceſlary to guard againſt the ex- 
travagancy of our imagination, uhich for evet 
inclines to ſtep beyond the bounds of truth, and 
is very difficultly reſtrained within the narrow 
limits of facts. i Hol at n 4. ai 

We have already ſeen; that the ſame body 
becomes ſolid, or fluid, or asriform, according 
to the quantity of caloric by which! )it7 is penet 
trated ; vr, more ſtrictly, according as the re: 
pulſive force exerted by the caloricaĩs equal to, 
ſtronger, or weaker, than the attraction of the 
particles of the body it acts upon 
But, if theſe tw powers only exiſted, bodies 
would become liquid at an indivifible degree of 
the thermometer, and would almoſt iriſtantane: 
ouſly paſs from the ſolid ſtate of aggregation to 
that of-atriform elaſticity. Thus mater, fat in- 
ſtance, at the very inſtant when it ceaſes to be 
ice, would begin to boil, and would be tranſ- 
formed into an: atriform fluid, having dts parti: 
cles ſcattered indefinitely through the ſurxnand 
ing ſpace. That this does not happen muſt de- 
pend upon the action of. ſome third power: The 
preſſure of the atmoſphere prevents this ſepara- 
tion, and cauſes the water to remain in the li- 
quid ſtate until raiſed to the teniperatufe indica- 
ted oy 2125 on the feale of Fahrenheit thermo- 
2 4 meter; 
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meter; the quantity of calorie which it receives 
in the lower temperatures being inſufficient to 
overcome the preſſure of the atmoſphere. 
Whence it appear, that, without this atmo- 
ſpheric preſſure, we ſhould: not have any perma- 
ſtate of exiſtence in the very inſtant of melt. 
ing; for the ſmalleſt additional caloric. would 
then inftantly ſeparate their particles, and diſſi- 
pate them through the ſurrounding medium. 
Beſides, without this atmoſpherie preſſure, we 
ſhould not even have any proper adrifarm fluids; 
becauſe the moment the force of attraction is 
overcome by the repulſive power of the calorie, 
the particles of bodies would ſeparate themſelves 
indefinitely, having nothing to give limits to 
their expanſion, unleſs their own-gravity might 
colle&: them together, 11 as; to andere 
ſphere. 3213 20 8111 4 
-1 Simple veflection, eee common ex- 
periments, is ſufficient to evinee the truth of 
theſe! poſitions. They are more particularlx. 
proved by the following experiment, which 1 
publiſhed in the Memoirs of the eee e 
demy of Sciences for 177, P. 426. 
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narrow glaſs b veſſel, Az (Plate VII. F ig · 17), 
ſtanding upon its ſtalk P; the veſſel; which is 
from twelve to fifteen lines diameter, is covered 
by a wet bladder, tied round its neck with ſe- 
veral turns of ſtrong thread; for greater ſecurity, 
a ſecond bladder is fixed over the firſt. The 
veſſel ſhould: be filled in ſuch a manner with the 
ether, as not to leave the ſmalleſt portion of air 
between the liquor and the bladder. It is now 
placed under the recipient BCD of an air- pump, 
of which the upper part B is fitted with a lea - 
thern collar, through which paſſes a wire Ek, 
having its point F very ſharp; and in the ſame 
receiver there is placed the barometer GH. The 
whole being thus diſpoſed;: let the recipient be 
exhauſted, and then, by puſhing down the wire 
EF, a hole is made in the bladder: Immediate- 
ly the ether begins to boil with great violence, 
and is changed into an elaſtic aëriform fluid, 
which fills the receiver. If the quantity of ether 
de ſufficient / to leave a few drops in the phial 
after the evaporation is finiſhed, the elaſtic fluid 
produced will ſuſtain the mereury in the baro- 
meter attached to the air-pump, at eight or, ten 
inches in winter, and from twenty to twenty 

| S n 
| * L ibn equi 126241 Lluont I 
— 3 that i it 186 very * and highly — 
mable liquor, having a conſiderably ſmaller ſpecific gra- 
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ſive in ſammer#*. To render this experiment 
more complete, we may introduce a ſmall ther- 
mometer into the phial A, containing the ether, 
which will be found to n ee * 
„ ns ee Ster Wer fs 
The. only effect tag in this dakar 
z, the taking away the weight of the atmoſphere, 
which, in its ordinary ſtate, preſſes on the ſur» 
face of the ether; and the effects reſulting from 
this removal evidently prove, that, in thè ordi- 
nary temperature of the earth, ether would al- 
ways exiſt in an aëriform ſtate, but for the preſ- 
ſure of the atmoſphere, and that the change of 
the ether from the liquid to the atriform ſtate 
is accompanied by a conſiderable diminution of 
temperature; becauſe; during the evaporation, 
a part of the caloric, which: was before in a free 
ſtate, or at leaſt in equilibrio in the ſurroùnd 
ing bodies, combines with the ether, and cauſes 
n ':a&riform ſt at. %% 
14 On. Sue nen n all eva- 
n if 1% Doliail t not porable 
It would 50 W more ſatisfac r ene 
| had ſpecified” the degtees of the thermometer at which 
theſe heights of the mercury in the burometer are pro-. 
duced.— T: | 
- I ſhould rather ſuppoſe, according to Mr Lavoifier 8 
own principles, that the evaporation is produced 1 in conſe. 
quence of the equilibrium between the repulſive force of 
the caloric: contained in the ether; and the reſiſtance. to 
expanſion exerted by the atmoſpheric preſſure being re- 
: moved,—-T, 
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porable fluids, ſuch as alkohol, water, and even 
mercury; with this difference, that the atmo- 
ſphere, formed in the receiver by alkohol only; 
ſupports the attached barometer about one inch 
in winter, and about four qr five inches in ſum. 
mer; that formed by water, in the ' ſame ſitua- 
tion, raiſes the mercury only a few lines; and 
that produced by quickfilver raiſes it hut: few 
fractions of a line. There is therefore leſt fluid 
evaporated from alkohol than from ether; Tefs 
from water than from alkohol, and ſtill leſs from 
mercury than from either; conſequently there 
is leſs calorie: employed, rr cold produced; 
e eee 3 the nefules 1 theſe 


m fr EH $14 blod lid 
Another ſpeciesiof laden very e- 
vidently, that the adriform ; ſtate is a modification 
of bodies dependent on tlie legtee of tempota 
ture, and on the preſſüre which theſe bodies un 
dergol Ina Memoir read by Mr de la Flace and 
myſelf to the Academy in 177, which has net 
been printed, we have ſhewn; that, when'ether is 
ſubjected to a preſſure equal to twenty-eight ind 
es of the barometer, or about che medius preſi 
ure of the atmoſphere, it pos at the tempefuture 
of about 104, 'or 10.25% of the thermdmietbt. 
Mr de Lye; who has made ſimilar experimeits 
with ſpirit of wine, finds it to boil at x82.75* : 
And all the world knows that water boils at 212. 
Now, boiling being only the evaporation, of a 
liquid, 
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liquid, or the moment of its paſſing from the 
fluid to the aëri form ſtate, it is evident that, if 
we keep ether continually at or above the tein - 
perature of 106.255, and under the common 
preſſure of the atmoſphere, we fhall have it al- 
ways in an elaſtic ariform ſtate; and that the 
ſame thing will happen with alkohol when a- 
dove 182.73 and with water when above 212 
all which are perfectly confarmable to the fol- 
lowing experiment *. 1036218 $1491; 1157 MY" > 
J filled a: large veſſel ABCD (plate VIL | 
Fig 1.) with water, at:r10.759;'or 113: I ſup- 
poſe the veſſel tranſparent, that we may ſee what 
takes place in tlie experiment; and we can ea- 
ſily hold the hands in water at that temperature 
without inconvenience. Into this veſſel I plunged 
ſome narrow - necked bottles F, G, filled with the 
water and turned up, ſo as to reſt on their mouths 
on the bottom of the veſſel. Having next put 
ſome ether into a very ſmall matraſs, with its 
neck, a b'c, twice bent as in the plate, I plunged 
this matraſs into the water, having its neck in- 
ſexted into the mouth of one of the bottles F. 
Immediately. on feeling the effects of the heat, 
communicated to it hy the water in the veſſel 
ABO, the ether began to boil, and the caloric, 
entering into 1 with i it, changed it in- 
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to an elaſtic atriform fluid, with which T' filled” 
ſeveral bottles ſucceſſively, F, G, &c. 1 e. 
This is not the place to enter upon the Puuh : 
nation of the nature and properties of this a&ri-! 
form fluid, which is extremely inflammable; 
but, conſining myſelf to the object at preſent in 
view, without anticipating circumſtances, which 
Lam not to ſuppoſe the reader to know I ſhall” 
only obſerve, that the ether, from this eperi- 
ment, is almoſt only capable of exiſting in the 
atriform ſtate in our uſual temperatures; for, if 
the weight of our atmoſphere was only equal go 
between 20 and 24 inches of the barometer; in- 
ſtealllof 28 inches, we ſhould never be able to 
obtain ether in the liquid ſtate, at leaſt in ſum- 
mer. The preparation of ether would conſe- 
quently be impoſſible upon mountains of a mo- 
derate degree of elevation, as it would be con- 
verted into gas immediately upon being produ- 
oed, unleſs we employed recipients of extraor- 
dinary ſtrength, affifted by refrigeration and 
compreſſion. And, laſtly, the temperature of the 
blood being nearly that at wlliich ether paſſes 
from the liquid to the atriform ſtate, it muſt eva- 
porate in the prime viæ, and conſequently it is 
very probable that the medicab properties of this 
fluid depend chiefly upon its mechanical effect. 
Theſe experiments ſucceed better with nitrous 
ether, becauſe it evaporates in a lower tempera- 
ture than ſulphuric ether. It is more difficult 
12 ö to 
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to ghtain alkohol in. the agriform; ſtate; becauſe, 
as it requires temperature of 182.73 to raiſe 
it t9,vapour, the water of the bath muſt be al- 
mo; boiling, and it is impoſſible to "—_ the 
hands into it at that temperature. |! 
ald ãs evident chat, if watet!-nere-uſedi in ha! 
foragomg-experiment; it would be changed in- 
to gas, 'when expofed to a temperature! ſuperior 
to that at Which it boils: Although thoroughly 
catvinced: of this, Mr de la Place and myſelf 
jndged it neceſſary to confirm it by the follow 
ing direct experiment. We filled a glaſs-jar, Aa, 
(late VII. Fig. 5.) with mercury, and placed 

it wãth its mouth downwards, in à diſh, B, like- 
wiſe filled with mercury, and introduced about 
twondrams of water into the jar, which roſe to 
the top of the mercury at CD; we then plun- 
ged-the Whole apparatus into an iron boiler, 
EFGH, full of boiling ſea · water of the tempe - 
rature of 223285 placed upon the furnace 
GHIK. So ſoon as the witer over the mercu- 
ry renched the temperature df a1, it began to 
bol and inſtead of only filling the ſmall ſpace 
ACD; it was converted into an aëriform fluid, 
which filled the whole jar; the mercury even 
deſtended below: the ſurface of that in the diſn 
B. zo and the jar muſt have been overturned, if it 
hab nut been very thick and heavy, and fixed to 

the ifi by means of iron- wire. Immediately 
after withdrawing the apphratus from the boil- 


er, 
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we # 


OF CH EMISTRY. 63 


er the vapour in the jar began to condetiſe; and 
the meręurꝝ xoſe, to its former ſtation; hut the 
water returned again to;the-a&riform ſtate in a 
few ſeconds after replacing the apparatus ini the 
bailgfsricazdq 26G} is nuns ms Having yiluern 
Wes have. ;thus n certain number of ſubſtan- 
ces, Which ate: 0gnventible, into elaſtic a#ziform 
fluids, by degrees: of temperature not much ſu- 
perior to thatipf Sur atmaſphere.· We ſhall af. 
ter wards find, that there are ſeveral others which 
buderge king, ſame change in ſimilar circumſtan- 
ces, ſuch as muriatic or marine acid, ammoniac 
of apa. (Alkali, the carbonic acid or fixed air, 
the; ſulphurous acid; &. All theſe are perma- 
nemtly elaſtig in or abqut the mean temperature 
of the atmeſphexe, anti vader ie common preſ- 
lure. ., 210 lose 9% ov£2] ibod 1G 
All theſe facts, which: e * eaſily multi- 
plied, if ' neceffary, give full-right to-afſums,cas-3 
general:-ringiple, that almoſt every, body in na- 
 tyxe;is-ſuſceptible-of three ſeycral;ſtates of exiſt» 
ence; ſolid, liquid; and abriform B and chat theſe 
three tates:0f exiſtence depend upon the quan- 
tity, of caloric combined with the body. Hence · 
forwards . I; hallo expreſs theſe; elaſtic abriform 
fluids, by the generic term gat and in each ſpe- 
oies of gas I ſhall diſtinguiſn between the jcalo- 
rie, which in ſome meaſure; ſerves the purpoſe of 
2.folvent, and the ſubſtance, whigh,.in;combina- 
tion a with the caloric, forms the baſe of the gaz, 
- To 


To theſe baſes of the Aiereut guts, which 
ars hitherts but little known, ' we have been ob- 
liged to alſign names: Theſe ſhall be enumera- 
tell in Chap. IV. of this work; when 1 have pre - 
viouſly given an account of the phenomena at- 
tendant upon the heating and cooling of bodies, 
and when I have eftabliſhed preciſe ideas con- 
cerning the «compoſition of our atmoſphere. 
We have already ſhe wn, that this particles 
every ſubſtanee in nature exiſt in a certain ſtate 
of equilibrium, between that attraction which 
tends to unit and keep the particles together, 
and the effects of the "caloric which tends to 
ſeparate them! Hence, calorie not only ſur- 
rounds the particles of all bodies on every ſide, 
but fills up every interval which the particles 
of bodies leave between each other. We may 
form an idea of this, by ſuppsfitig a-veſſel fill- 
ed with finall ſpherical leaden bullets, among 
which a quatmtity of fine ſand is pouted 3 this, 
_ Hhfifivating itſelf -into-the intervals between the 
- bullets; will fill up every void. The balls, in 
this compariſon, are to the ſand which ſurrounds 
a them exactly in the ſame fituation as the par- 
ticles of bodies are with reſpect to the calorie; 
with this difference only; that the balls are ſup- 
poſed to toueh eaeh other, whereas the particles 
of bodies are not in contact, being retained at 
a ſmall diſtanee from each other va the elo. 
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If, inſtead of ſpherical balls, we ſubſtitute ſo- 
lid bodies of a hexahedral, octohedral, or any 
other regular figure, the capacity of the intervals 
between them will be leſſened, and conſequently 
will no longer contain the ſame quantity of ſand. 

The ſame thing takes place with reſpect to natu- 
ral bodies; the intervals left between their par- 
ticles are not of equal capacity, but vary in con- 

ſequence of the different figures and magnitude 

of their particles, and of the diſtance at which 
theſe particles are maintained, according to the 
exiſting proportion between their inherent at- 
traction, and the repulſive force exerted upon 
them by the caloric. | 
In this manner we muſt mented the fol- 
lowing expreſſion, introduced by the Engliſh 
philoſophers, who have given us the firſt preciſe 
ideas upon this ſubject; the capacity, of bodies 
For containing the matter af heat. As compariſons 
with ſenſible objects are of great uſe in aſſiſting 
us to form diſtin& notions: of abſtract ideas, I 
ſhall endeavour to illuſtrate this, by inſtancing 
the phenomena which take place between water 
and bodies which are wetted and penetrated by 
15 with a few reflections. 
If equal pieces of differont W wp, 
poſe cubes of one foot each, be immerſed in 
_ water, the fluid gradually inſinuates itſelf into 
their pores, and the pieces of wood are aug- 
mented both in weight and magnitude: Each 
1 ſpecies 
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ſpecies of wood will imbibe a different quantity 
of water; tlie lighter and more porous woods 
will admit a larger, the compact and cloſer 
grained will admit a leſſer quantity; for the 
proportional quantities of water, imbibed by the 
pieces, will depend upon the nature of the con- 
ſtituent particles of the wood, and upon the 
greater or leſſer affinity ſubſiſting between them 
and water: Very reſinous wood, for inſtance, 
though it may be at the fame time yery porous, 
will admit but little water. We may therefore 
ſay, that different kinds of wood poſſeſs differ- 
ent capacities for receiving water; and we may 
even determine, by means of the augmentation 
of their weights, what quantity of water they 
have actually abſorbed ; but, as we are ignorant 
how much water they contained previous to im- 
merſion, we cannot determine the abſolute quan- 
tity they contain after Ts taken out of the 
water. N ee 7 
The ſame n e s whe 
place with bodies that are immerſed in caloric ; 
taking into conſideration, however, that water 
is an incompreſſible fluid, whereas caloric is, on 
the contrary, endowed with very great elaſtici- 
ty; or, in other words, the particles of caloric 
have a great tendency to ſeparate from each 
other, when forced by any other power to ap- 


es, this difference! _ of TT occa- 
| | Hon 
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ſion very conſiderable. diverſities in the reſults 
of woot made upon theſe two ſubſtan- 
CCS. ry 
5 eſtabliſhed theſe clear and ne pro- 
poſitions, it will be very eaſy to explain the ideas 
which ought to be affixed to the following ex- 
preſſions, which are by no means ſynonymous, 
but poſſeſs each a ſtrict and determinate mean- 
ing, as in the following definitions: 

Free caloric, is that which is not combined 
Pi any manner with any other body. But, as 
we live in a ſyſtem to the matter of which calo- 
ric has a very ſtrong adheſion, we are never 
able to obtain it in the ſtate of n free- 
dom. Nit 
Combined e is that which ; is | fixed i in as 
dies, by affinity or elective attraction, ſo as to 
form part of the ſubſtance of the itn even 
part of its ſolidity.' 

By the expreſſion ſpecifi du of. 5 . 
we underſtad the reſpective quantities of calo- 
ric requiſite for raiſing a number of bodies of 
the ſame weight to an equal degree of tempe- 
rature.- This proportional quantity of caloric 
depends on the diſtance between the conſtitu- 
ent particles of bodies, and their greater or leſſer 

degrees of coheſion; and this diſtance, or rather 
the ſpace, or void reſulting from it, is, as I have 
already obſerved, 0 the nner of bodies on 
| nnn. 
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Heat, conſidered as a ſenſation, or, in other 
words, ' ſenſtble heat, is only the effect produ- 
ced upon our ſentient organs, by the motion or 
paſſage of caloric, diſengaged from the ſur- 
rounding bodies. In general, we receive im- 
preſſions only in conſequence of motion, and it 
might be eſtabliſhed as an axiom, That, wiTH- 
OUT MOTION, THERE IS NO SENSATION. This 
general principle applies very accurately to the 
| ſenſations of heat and cold: When we touch a 
Fs cold body, the caloric, which always tends to 
become in equilibrio in all bodies, paſſes from 
dur hand into the body we touch, which gives 
us the feeling or ſenfation of cold. The direct. 
contrary happens when we touch a warm body; 
the caloric then, in paſſing from the body into 
our hand, produces the ſenſation of heat. If 
-the hand and the body touched be of the ſame 
temperature, or very nearly ſo, we receive no im- 
preſſion, either of heat or cold, becauſe there is 
no motion or paſſage of caloric; and thus no 
ſenſation can take Ion ame correſpon- 
dent motion to oeoaſion it. 411 
When the thermometer a it n that 
free calorio is entering into the ſurrounding 
bodies: The thermometer, which is one of theſe, 
receives its ſhare in proportion to its maſs. and 
to the capacity which it poſſeſſes for containing 
"caloric. The change, therefore, which takes 
yore upon the thermometer, only announces a 
| change 
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change of place of the caloric in thoſe bodies, of 
which the thermometer forms one part; it only 
indicates the portion of caloric received, with- 
out being a meaſure of the whole quantity * 
engaged, diſplaced, or abſorbed. 

The moſt ſimple and moſt exact method for 
determining this latter point, is that deſcribed 
by Mr.de la Place, in the Memoirs of 'the Aca- 
demy, for the year 1780, p. 364; a ſummary 
explanation of which will be found towards the 
concluſion of this work. This method conſiſts 
in placing a body, or a combination of bodies; 
from which caloric is diſengaging, in the middle 
of a hollow ſphere of ice; and the quantity of 
ice melted becomes an exact relative meaſure of 
the quantity of caloric diſengaged. It is poſſible, 
by means of the apparatus which we have got 
conſtrued upon this plan, to determine, not as 
has been pretended, the capacity of bodies for 
containing heat, but the ratio of. the increaſe or 
diminution of capacity produced by determi- 
nate degrees of temperature. It is eaſy, with 
the ſame apparatus; by variouſly combined ex- 
periments, to determine the relative quantities 
of caloric:neceſſary. for converting ſolid ſabſtan- 
ces into liquids, and liquids into elaſtic atriform 
fluids ; and vice verſa, what quantity of ealto- 
ric eſcapes from elaſtic: vapours in changing to 
liquids; and what quantity eſcapes from liquids 
PE their converſion into ſolids. Perhaps, when 

E 3 experiments 
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expirements ſball have beeri made with ſufficient 
accuracy, we may one day be able to determine 
the proportional quantities of caloric neceſſary 
for producing the ſeveral ſpecies of gaſſes. I 
| ſhall hereafter, in a ſeparate chapter, give an ac- 
count of the principal reſults of ſuch experi- 
ments as have been made upon this head. 
It remains, before finiſhing this article, to ſay 
a-few words concerning the cauſe of the elaſti- 
city of gaſſes, and of liquids in the ſtate of va- 
pour. It is by no means difficult to perceive 
that this elaſticity depends upon that of caloric, 
which ſeems to be the moſt eminently elaſtic 
body in nature. Nothing is more readily con- 
ceivable, than that one body ſnhould become 
elaſtic, by entering into combination with ano- 
ther body poſſeſſed of that quality. We muſt 
allow: that this is only an explanation of elaſti- 
city, by an aſſumption of elaſticity; we thus 
only remove the difficulty one ſtep farther, and 
the reaſon for caloric being elaſtic, ſtill remains 
unexplained. - Elaſticity. inthe abſtract is mere- 
Iy aiſuppoſable quality inherent to the particles 
of bodies, by virtue of which they recede from 
each other when forced together. This tenden- 
cy in the particles of calexie to ſeparate, takes 
place even at conſiderable diſtances. We ſhall 
be ſatisfied. of this, when we conſider that air 
is capable of undergoing great / comprefion;, 
whieh ſuppoſes that its particles; were previouf- 
tri 25 1 2 ly 
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ly at a conſiderable diſtance from each other; 
for the power of approaching together certainly 
ſuppoſes a previous diſtance, at leaſt equal to 
the degree of approximation: Conſequently; 
thoſe particles of the air, which are already con- 
ſiderably diſtant from each other, tend to ſepa- 
rate ſtill farther. If we produge Boyle's vacuum 
in a large receiver of an air-pump, the laſt por- 
tion of air which remains extends itſelf uniform- 
Iy through the whole capacity of the veſſel, how- 
ever large, filling it completely, and preſſing 
every where ' againſt its ſides: We cannot ex- 
plain this fact, without ſuppoſing. that the par- 
ticles make an effort to ſeparate themſelves on 
every ſide; and we are quite ignorant at what 
diſtance, or in what degree of rend ian this 
e ceaſes to act. Lo 0 1005 TOP 
In the above experiments a true 8 | 
takes place between the» particles of elaſtic 
fluids ; at leaſt, circumſtances occur exactly as 
if ſuch a repulſion actually exiſted: and we have 
a right to conclude, that the particles of caloric 
- mutually repel each other. When we are once 
permitted to ſuppoſe this repelling force, the 
theory of the formation of gaſſes, or aëriform 
fluids, becomes perfectly ſimple; 6 though we 
muſt, at the ſame time, allow, that it is ex- 
tremely difficult to. form an accurate concep- 
tion _— adele force acts upon very mi- 
nl Notengdd n e. er 0414195 on Blk 
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nute particles Rene at great diſtances from each 
other. 0 
It is, aerkays, more natural to ſuppoſe, that 
the particles of caloric have a ſtronger mutual 
attraction than thoſe of any other ſubſtance, 
and that theſe latter particles are torn aſunder 
in conſequence of this ſuperior attraction of the 
particles of caloric, which forces them between 
the particles of other bodies, that they may be 
able to reunite with each other. We may-ob- 
ſerve ſomething analogous to this idea in the phe- 
nomena which occur when a dry ſponge is dipt 
in water: This ſponge ſwells ; its particles ſepa- 
Tate from each other; and all its intervals are 
filled by the water. It is evident, that the ſponge, 
in the act of ſwelling, has acquired a greater 
waged * for NY water than it nn 
| = 2 | 0! 
This aſſertion does not Fo well bounded — | 
in the act of ſwelling, the ſponge receives more water 
than it held when dry, is very evident; and that, in con- 
Jequence of its fibres being ſtretched, more room is left 
between them, is likewiſe true: But if, by capacity for 
receiving water, we are to underffand that quality inhe- 
rent in the ſponge for imbibing water, in conſequence of | 
the diſpoſition and peculiar ſtructure of its parts, this r re- 
mains the fame when ' perfectly dry as when filled com- 
pletely with moiſture; or, if we conſider its capacity to 
indicate its diſpoſition for receiving additional water, this- 


muſt be greateſt when perfeAtlydry, and muſt diminiſh in 
proportion as the water is received into its interſtices.— T. 
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dry. But we cannot certainly maintain, that 
the introduction of water between the particles 
of the ſponge has endowed them with a repul- 
ſive power, which tends to ſeparate them from 
each other; on the contrary, the whole phe- 
nomena are produced by means of attractive 
powers: Theſe are, the gravity of the water, 
and the power which it exerts on every ſide, 
in common with all other fluids; The force of 
attraction, which takes place between the parti. 
cles of the water, cauſing them to unite toge- 
ther; The mutual attraction of the particles of 
the Mains for each other; and, The recipro- 
cal attraction which exiſts between the particles 
of the ſponge and thoſe of the water. It is 
eaſy to underſtand, that the explanation of this 
fact depends upon properly appretiating the in- 
tenſity of, and connection between, theſe ſeve- 
ral powers. It is probable, therefore, that the 
ſeparation of the particles of bodies, occaſioned 
by caloric, depends in a ſimilar manner upon 
a certain combination of different attractive 
powers, which in conformity with the imperfec- 
tion of our knowledge, we endeavour to expreſs 
by ſaying, that caloric communicates a power of 


Nee. to the particles of bodies. e Jet 
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General Vie ie u. concerning the Formation and Com- 
 befition of our ere: | 


IHEsSE views which I have taken of the for- 
mation of elaſtic acriform fluids or gaſles, 
thacer great light upon the original formation 
of the atmoſpheres of the planets, and parti- 
cularly of that of our earth. We readily con- 
ceive, that it muſt neceſſarily conſiſt of a mix - 
ture of the following ſubſtances: Of all bodies 
that are ſuſceptible of evaporation, or, more 
ſtrictly ſpeaking, which are capable of retain- 
ing the ſtate of atriform elaſticity in the tem- 
perature of our atmoſphere, and under a prefſure 
equal to that of a column of twenty-eight inches 
of quickfilver in the barometer; and, of all ſub- 
ſtances, whether liquid. ro! ſolid, which are ca- 
rms this mixture. ba diffe- 
rent gaſſes. 29104 Joc) % 0113 03 nl: (197 
To fix our ideas more * 1 this 
ſubjeq, which has not been hitherto ſufficient- 
ly confidered, let us, for a moment, conceive 
what I would . place in the various 
* A Ii ſubſtances 
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ſubſtances which compoſe our earth, if its tem- 
perature were ſuddenly altered. If, for inſtance, 
we were ſuddenly tranſported to the region of 
the planet Mercury, where probably the com- 
mon temperature is much ſuperior to that of 
boiling water; the water of our world, and all 


the other fluids which are ſuſceptible of the gaſ- 


ſeous ſtate, at a temperature near to that of 
boiling water, even quickſilver itſelf, would be- 
come rarefied; and all theſe ſubſtances, being 
changed into permanently aëriform fluids or gaſ- 
ſes, would become part of the new atmoſphere. 
| Theſe new ſpecies of airs or gaſſes would mix 
with thoſe already exiſting, and certain recipro- 
cal decompoſitions and new combinations would 
take place, until ſuch time as all the elective at- 
| trations or affinities ſubſiſting among all theſe 
new and old gaſſeous ſubſtances had operated 
fully; after which, the elementary principles 
compoſing ww n ee n . 
remain at reſt. ü ert n 
We muſt end ta 1 n Se! cen 
in the above hypothetical ſituation, certain 
bounds: would occur to the evaporation” of theſe 
ſubſtances, produced by means of that very 
evaporation itſeif: For as, in proportion toithe 
increaſe of elaſtic fluids, the preſſure of the at- 
moſphere would be augmented; as every de- 
gree of preſſure: tends, in ſome meaſure, to pre- 
vent evaporation; and as even the moſt eva- 
| porable 
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porable fluids can refiſt the operation of a very 
high temperature without evaporating, if pre- 
vented by a proportionally ſtronger compreſſion, 
water and all other liquids being able to ſuſtain 
a red heat in Papin's digeſter ; we muſt admit, 


that the new atmoſphere would at laft acquire 


ſuch a degree of weight, that the water which 


| had not hitherto evaporated would ceaſe to 
| boil, and, of conſequence, would remain liquid. 


Hence, even upon this ſuppoſition, as in all 
others of the ſame nature, the increaſing gravity 


of the atmoſphere would _ certain 1 mits n 


it could not exceec. 

We might extend theſe refleti ions 0 
farther, and examine what change would be 
produced in ſuch ſituations upon ſtones, ſalts, 


and the greater part of the fufible ſubſtances 


which compoſe the maſs of our earth. Theſe 
would be ſoftened, fuſed, and changed into li- 
quids, & c. But theſe ſpeculations carry me 
from my object, to which I haſten to return. 
By ar contrary ſuppoſition to the dne we 


have been forming, if the earth were ſuddenly 
tranſported into a very cold region, the water, 


which at preſent compoſes our ſeas, rivers, and 


ſprings, and probably the greater number of 
the fluids we are acquainted with, would be 
converted into ſolid mountains and hard rocks; 
at re gb and e e like rock 


Fein very 
- * 3 2 2 * of 1 - - . 4 £ 4 * tw 
* x 

1 = | 


OF CHEMISTRY. my 


eryſtal, but which, in time, becoming mixed 
with foreign 'and heterogeneous ſubſtances, 
would become opake ſtones of various colours. 
In this caſe, the air, or, at leaſt, ſome of the 
atriform' fluids' which now compoſe the maſs 
of our atmoſphere, would doubtleſs loſe their 
elaſticity, for want of a ſufficient temperature 
to retain them in that ſtate : They would re- 
turn co the liquid ſtate of exiſtence ®, and new 
liquids would be formed, of whoſe properties we 
cannot, at preſent, form the moſt diftant idea. 
Theſe two oppoſite ſuppoſitions give a diſ- 
tinct proof of the following corollaries : That 
folidity, liquidity, and a#riform' elaſticity, are on- 
ly three different ſtates of exiſtence of the ſame 
matter, or three particular modifications which 
almoſt all ſubſtances are ſuſceptible of aſſuming 
| ſucceſſively, and which ſolely depend on the de- 
gree of temperature to which they are expoſed; 
or, in other words, upon the quantity of calo- 
ric with which they are W eee That it is 
22 N io r 1 1257] nh 
Horm ets exten 
: * \ Tos this a ea W its bounds from. i its 
own nature; The diminution of preſſure, produced by 
the decreaſe in the yolume, and conſequently gravity, of . 
the atmoſphere, would enable caloric to keep many ſub- 
ſtances i in the vaporous ſtate, at' a much lower degree of 


temperature than is fit for that ga under the N e 
nn of our atmoſphere.— T. 


- + The degree of preſſure which they undergo muſt be 
taken into account —T, 
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extremely probable that air is a fluid naturally 
exiſting in a ſtate of vapour; or, as we may bet- 
ter expreſs it, that our atmoſphere is a compound 
of all the fluids which are ſuſceptible of the va- 
porous or permanently elaſtic ſtate, in the uſual 
temperature, and under the common preſſure: 
That it is not impoſſible we may diſcover, in 
our atmoſphere, certain ſubſtances naturally very 
eompac, even metals themſelves ; às a metallic 
ſubſtance, for inſtance, only a little more 'vola- 
tile than mercury, gh. exiſt in chat fun 
inn.. enontoggqut nage onus. 5756 
Among the fluids. with ch we are ac- 
e ſome, as water and alkohol, are ſuſ- 
ceptible of mixing with each other in all pro- 
portions; whereas others, as quikſilver, water, 
and dil, can ee a meme union. ok 
| de be del ven e e ho des gra- 
vities, The ſame ought to, or at leaſt may, 
take place in the atmoſphere. It is poſſible, and 
even extremely probable, that, both at the 
firſt creation, and every day, gaſſes are formed, 
. are-difficultly- miſcible with atmoſpheric 
air, and are continually ſeparating from it. * 5 
theſe gaſſes be ſpecifically lighter than the gene- 
ral atmoſpheric maſs, they muſt, of courſe, gather 
in the higher, regions, and form ſtrata that float 
upon the common air. The phenomena which 
% eee 
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accompany 1gneous meteors induce me to be- 
Heve that there exiſts, in the upper parts of our 
atmoſphere, a ſtratam of inflammable fluid, in 
contact with thoſe ſtrata of air in which the phe- 
nomena of the aurora borealis and other fiery ap- 
pearances are produced. I mean hereafter to 


purſue this * in a ſeparate treatiſe. 
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Analyſts of leber Air, and its Divifgon into 
©/twwo Elaſtic Fluids ; the one ſit for Refpiration.5 
_ the other incapable of being refhpired. 1) 5110 


ROM what has been W it appears, 

that our atmoſphere is compoſed of a mix- 
ture def every ſubſtance capable of retaining the 
gaſſeous or atriform ſtate in the common tempe- 
ratures, and under the uſual degrees of preſſure 
which it experiences, Theſe fluids conſtitute a 
maſs, in ſome meaſure homogeneous, extending 
from the ſurface of the earth to the greateſt 
height hitherto attained, of which the denſity 
continually decreaſes in the inverſe ratio of the 
ſuperincumbent weight. But, as I have before 
obſerved, it is poſſible that this firſt ſtratum may 
be ſurmounted by ſeveral others conſiſting of dif- 
ferent fluids. 

Our buſineſs, in this place, is to akin 
to determine, by experiments, the nature of 
the elaſtic fluids which compoſe the inferior ſtra- 

tum of air which we inhabit. Modern chemiſ- 
try has made great. advances in this reſearch ; 
and it will appear, by the following details, that 


the analyſis of atmoſpherical air has been more 
rigorouſly 
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rigorouſly determined than that of * other 
ſubſtance of the claſs. | | 
Chemiſtry affords two general 2 of * 
termining the conſtituent principles of bodies, 
the method of analyſis, and that of ſyntheſis. 
When, for inſtance, by combining water with 
alkohol, we form the ſpecies of liquor called, in 
commercial language, brandy, or ſpirit of wine, 
we certainly have a right to conclude, that 
brandy, or ſpirit of wine, is compoſed of alkohol 
combined with water. We can procure the 
ſame reſult by the analytical method; and in 
general it ought to be conſidered.as a principle 
in chemical ſcience, never to reſt ſatisfied with- 
out both theſe ſpecies of proofs. We have this 
advantage in the analyſis of atmoſpherical air,; 
being able both to decompound it, and to form 
it anew in the moſt ſatisfactory. manner. I ſhall, 
however, at preſent confine myſelf to recount 
ſuch experiments as are moſt conclufive: upon 
this head; and I may confider; moſt of theſe as 
my on,; having either firſt invented them, or 
having repeated thoſe of others, intended for 
analyſing atmoſpherical Mrs in perfectly our 
points of vie vp. 
I. took a matraſs of . $Hiqodiesl int 
capacity, having a long neck of fix or ſeven lines 
internal diameter, and having bent the neck, as 
in Plate IV. Fig: 2. BC DE, to allow of its be- 
12 F | ing 
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ing placed in the furnace M M NN, in ſuch 4 
manner that the extremity of its neck E might 
be inſerted under a bell-glaſs F G, placed in a 
trough of qrrickfilver RR SS; I introduced four 
ounces of pure mercury into the matraſs, and, 
by means of a ſyphon, exhauſted the air in the re- 
ceiver F G, ſo as to raiſe the quickſilver to LL. 
and I carefully marked the height at which it 
ftood, by paſting on a flip of paper. Having ac- 
curately noted the height 6f the thermometer 
and barometer, I lighted a fire in the furnace 
M M NN, which I kept up almoſt continually 
during twelve days, fo as to keep the quickſilver 
always very near its boiling point. Nothing re- 
markable took place during the firſt day: The 
mereury, though not boiling, was continually 
evaporating; and covered'the interior ſurface of 
the veſſel with ſmall drops, which gradually aug- 
menting to a ſufficient ſize; fell back into the 
mals at che bottom of the veſſel. On the ſecond 
day, ſmall red particles began to appear on the 
ſurface of the mercury, theſe, during the four or 
five following days, gradually increaſed in ſize 

and number; after which they ceaſed to increaſe 
in either reſpect. At the end of twelve days, ſee- 
ing that-the ealeination of the mercury did not 
at all increaſe, Lextinguiſned the fire, and allow- 
ed the veſſels to cool. The bulk of air in the 
body and neck of the OO and in the: bell- 

; glaſs, 


226 


— 


OF CHEMISTRY. 83 


glaſs, reduced to a medium of 28 inches of the 
barometer and 54.56 of the thermometer, at the 
commencement of the experiment was about 50 
cubical inches. At the end of the experiment 
the remaining air, reduced to the ſame medium 
preſſure and temperature, was only between 42 
and 43 cubical inches z conſoguently 1 it had loſt 
about + of its bulk. Afterwards, having col- 
lected all the red particles, formed during the 
7 experiment, 11 7 the running mercury in which 
they Hoated, I found theſe to amount to 45 
grains. | 
I was obliged to repeat this experiment re 
* times, as it is difficult, in one experiment, 
both to preſerve the whole air upon which we 
operate, and to collect the whole of the red par- 
ticles, or calx of mercury, which is formed du- 
ring the calcination. It will often happen in 
the ſequel; that I ſhall, in this manner, give in 
one detail the reſults of. two or three ; cipert- 
ments of the ſame nature. 
The air which remained after the calcination 
of the mercury in this experiment, and which 
was reduced to £ of its former bulk, was no 
longer fit either for reſpiration or for conibuſ- 
tion; animals being introduced into it were ſuf- 
focated. in a few ſeconds, and when a taper was 
plunged into it, it was extinguiſhed, : as if! it had 
been immerſed i in water. * 5 | 
% 5 EEG. [7% 
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In the nent Place, T took the 45 grains of red 
matter formed during this experiment, which I 
put into a mall glaſs retort, having a proper 
| apparatus for receiving ſuch liquid, or gafſebris 
Produkt, as might be extracted: Having applied 
4 fire to khe retort in the furnace, I obſerved 
that, in proportion as the 'red matter became 
Heated, the intenſity” of its colour augmented. 
When the retort was atmoft red Hot, the red 
; matter began gradually to Aecttaſe i in bülk, and 
ina few minutes after it Aünpped rer nogeiber; * 
at the ſame time 415 graind of running mercury 
were Colledted 1 in tlie recip ient, and 7 or 8 cu- 
| 'bical inches of elaſtic fluid, greatly more capa- 

ble of ſupp orting. both reſpiration atid eombul. 
tion than atmoſpherical air, Were Eslleses in 
the bell- glaſs. oO » 

2 part of this e air "wo viſe into A — tube 
of about a an inch diameter, ſhewed the following 
properties: : A taper bürned i it with a daz- 

Alipg ſplendour, and charcoal, inſtead of con- 

Turing quietly, as it does in common air, burnt 
5 with a flame, attended w with a decrepitating noiſe, 
like Phoſphorus, and threw out ſuch a bril- 
liant light chat the eyes could hardly endure it. 
This ſpecies of 7 air was diſcovered almoſt at the 
ſame time by Dr Prieſtley, Mr Scheele, and 

"myſelf. Dr Prieſtley gave it the name of de- 

Pblariſticated air; Mr Scheele called it empyreal 


air ; at c Unit I named it bighl reſpirable air, to 
: 3 8 
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which has ſince been ſubſtituted the term of 
vital air. We ſhall preſently ſee what we ought 
to think of [theſe denominations. _, 

In reflecting upon the circumſtances of this 
experiment, we readily perceive ; that the mer- 
cury, during its calcination, abſorbs the ſalu- 
brious and reſpirable art of the air, or, to ſpeak 
more. ſtrialy, the baſe of this reſpirahle part; 
that the remaining air is a ſpecies of mephitis, 
incapable of ſupporting combuſtion or reſpira- 
tion; and, conſequently, that atmoſpheric : alr 18 
compoſed of two elaſtic fluids of different and 
oppoſite qualities. As a proof 0 of this important 
truth, if we recombine theſe two elaſtie fluids, 
which. We have ſeparately obtained i in the above 
experiment, viz. the 42 cubical inches of mephi- 
tis, with the 8-cubical inches of highly reſpirable 
air, we, reproduce an air preciſely ſimilar to that 
of the atmoſphere, and poſſeſſing nearly 1 the ſame 
power of ſupporting combuſtion and reſpiration, 
and of contributing to the calcination of metals. 
Although this experiment furniſhes us with 
a very ſimple, means of obtaining the two prin- 
cipal elaſtic fluids which compoſe our atmo- 
| ſphere, ſeparate from each other, yet it does not 
give. us an exact idea of the proportion. 2 which 
theſe two enter into, its compoſition : or the 
attraction of mercury to the reſpirable, _ of 
the air, or rather to its baſe, is not ſufficiently 
Arong to overcome all the circumſtances which 

IF 'F3 ' oppoſe 
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oppoſe this union, Theſe obſtacles are the mu- 
tual adheſion of the two conſtituent parts of 
the atmoſphere for each other, and the elective 
attraction which unites the baſe of vital air with 
calqric ; in conſequence « of theſe, when the cal- 
ination ends, or is at leaſt carried as far as is 
poſlible in a determinate quantity of l 
ric air, there ſtill remains a portion of reſpirable 
air united to the mephitis, which the mercury 
cannot ſeparate. I ſhall afterwards ſhew, that 
at leaſt in our climate, the atmoſpheric air is 
compoſed of reſpirable and mephitic airs, in 
the proportion of 27 and 73; and I ſhall then 
diſcyſs the cauſes of the uncertainty which Rill 
exiſts with reſpect to the exactneſs of that pro- 
5 portion. 55 
| Since, during the edtithation of mercury, air 
is decompoſed, and the baſe of its reſpirable 
part is fixed and combined with the mercury, 
it follows, from the pripciples already eſtabliſh- 
ed, that caloric and light muſt be diſengaged 
during the proceſs. | But the two following 
cauſes prevent us from being ſenſible of this 
taking place; as the calcination laſts during ſe- 
veral days, the diſengagement of caloric and 
light, ſpread out in a conſiderable ſpace of time, 
becomes extremely ſmall for each particular 
moment of the time, ſo as not to be percep- 
tible; and, the « operation being carried on by 
Jolie of fire in a a furnace, the heat produced 


by 
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by the | calcination itſelf becomes confounded 
with that proceeding: from the furnace. I 
might add, that the reſpirable part of the air, or 
rather its baſe, in entering into combination 
with the mercury, does not part with all the 
caloric which it contained, but ſtill retains a 

art of it in the new compound: but the diſ- 
cuffion of this point, and its proofs from ex- 
periment, do not belong to 3 part of our 
ſubject. 

It is, however, eaſy to render this diſengage- 
ment of caloric and light evident to the ſenſes, 
by cauſing the decompoſition of air to take 
place in a more rapid manner; and for this pur- 
poſe, iron is excellently adapted, as it fpoſſeſſes 
a much ſtronger affinity for the baſe of reſpira- 
ble air than mercury. The following elegant ex- 
periment of Mr Ingenhouz, upon the combuſ- 
tion of iron, is well known. Take a piece of 
fine iron wire, twiſted into a ſpiral, BC, Plate 
IV. Fig. 17. ; fix one of its extremities B into 
the cork A, adapted to the neck of the bottle 
DEF, and fix to the other extremity of the 
wire C, a ſmall morſel of tinder. Matters be- 


ing thus prepared, fill the bottle DEFG with 


air deprived of its mephitic part; then light 
the tinder, and introduce it quickly, with the 
wire upon which it is fixed, into the bottle, 
which you ſtop up with the cork A, as is ſhown 
in the figure x7. Plate IV. The Inſtant the 
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lighted tinder comes into contact with the vi- 
tal air, it begins to burn with great intenſity; 
and; communicating the inflammation to the 
iron wire, it likewiſe takes fire and burns rapidly, 
throwing out brilliant ſparks ; theſe fall to the 
bottom of the veſſel in rounded globules, which 
become black in cooling, but retain a degree 
of metallic ſplendour. The iron thus burnt is 
more brittle even than glaſs, is eaſily reduced 
into powder, and is ſtill attractable by the mag- 
net, though not ſo powerfully as it was befpre 
combuſtion. As Mr Ingenhouz has neither ex- 
amined the change produced on the iron, nor 
upon the air by this operation, I have repeated 
the experiment under different circumſtances, 
in an apparatus en to en = TOs 
lar views, as follows: 

Having filled a 8 A, Plate Iv. Fi ig. 3. 
of about ſix pints meaſure, with pure air, or the 


highly reſpirable part of air, I tranſported this 


jar, by means of a very flat veſſel, into a quick- 
ſilver bath in the baſon BC, taking care to ren- 
der the ſurface of the mercury perfectly dry, both 
within and without the jar, with blotting paper. 
T then provided a ſmall cup of China- ware D, 


very flatand open, in which I placed ſome ſmall 


pieces of. iron, turned ſpirally, and arranged in 
ſuch a way as ſeemed moſt favourable for the 
combuſtion being communicated to every part. 
FE the end of one theſe pieces of iron was 

fixed 


a * 
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fixed a ſmall morſel of tinder, to which was 
added about the ſixteenth part of a grain of 
phoſphorus ; and, by raiſing the bell-glaſs a 
little, the china cup, with its contents, were in- 
troduced into the pure air. Iknow that, by this 
means, ſome common air muſt. mix with the 
pure air in the glaſs; but this, when it is done 
dexterouſly, is ſo very trifling, as not to injure 
the ſycceſs of the experiment. This being dane, 
a part of the air was ſucked out from the bell- 
glaſs, by means of a ſyphon GHI, ſo as to raiſe 
the mercury within the glaſs to EF; and, to 
prevent the mercury from getting into the ſy- 
phon, a ſmall piece of paper was twiſted round 
its extremity. In ſucking out the air, if the 
motion of the lungs only be uſed, we cannot 
make the mercury riſe above an inch or an inch 
and a half; but, by properly uſing the muſcles 
of the mouth, we can, without difficulty, cauſe 
it to riſe fix or ſeven inches. N | 
„Ii next took an iron wire, MN, Plate Iv. 
Fig, 16. properly bent for the purpole, and ma- 
king it red hot in the fire, paſſed it through the 
mercury into the receiver, and brought it in 
contact with the ſmall piece of phoſphorus at- 
tached to the tinder. The phoſphorus inſtant- 
ly, took. fire, which. communicated to the tin- 
der, and from that to the iron. When the 
pieces have been properly arranged, the whole 
ron burns, even to the laſt particle, throwing 
| out 
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out a white brilliant light ſimilar to that of Chi- 
neſe fireworks. The great heat produced by this 
combuſtion melts the iron into round globules 
of different fizes, moſt of which fall into the 
China cup ; but ſome are thrown out of it, and 
ſwim on the ſurface of the mercury. At the 
beginning of the combuſtion, there is a. light 
augmentation in the volume' of the air in the 
bell-glaſs, from the dilatation cauſed by the 
heat; but, preſently afterwards, a rapid dimi- 
Aon of the air takes place, and the mercury 
riſes in the glaſs, inſomuch that, when the quan- 
tity of iron is ſufficient, and the air operated 
upon is very pure, almoſt the © gt air n | 
ed is abſorbed. 

: It is proper to remark in this "ite; that, un- 
leſs in making experiments for the purpoſe of 
diſcovery, it is better to be contented with burn- 
ing a moderate quantity of iron; for, when 
this experiment is puſhed too far, ſo as to ab- 
; ſorb much of the air, the cup D, which floats 
upon the quickfilver, approaches too near the 
bottom of the bell-glaſs; and the great heat 
produced, which is followed by a very ſudden 
"cooling, occaſioned by the contact of the cold 
mercury, is apt to break the glaſs: In which 
caſe, the ſudden fall of the column of mercury, 
which happens the moment the leaſt flaw is 
; produced in the glaſs, cauſes ſuch a wave, as 


1 throws a great part of the quickfilyer from the 
| baſop. 


> 
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baſon. To avoid this inconvenience, and to en- 
ſure ſucceſs to the experiment, one dram and a 
half of iron is ſufficient to burn in a bell-glaſs, 
which holds about eight pints of air. The glaſs 
_ ought likewiſe to be ſtrong, that it may be able 
to bear the weight of the column of mercury 
which it has to ſupport. 

By this experiment, it is not poſſible to de- 
termine, at one time, both the additional weight 
acquired by the iron and the changes which 
have taken place in the air. If it is wiſhed to af- 
certain what additional weight has been gained 
by the iron, and the proportion between that 
and the air abſorbed, we muſt carefully mark 
upon the bell-glafs, with a diamond, the height 
. of the mercury, both before and' after the ex- 

periment. After this, the ſyphon, GH, Pl. IV. 
Fig. 3. guarded, as before, with a bit of paper, 
to prevent jts filling with mercury, is to be in- 
troducęd under the bell-glaſs, having the thumb 
placed upon the extremity, G, of the ſyphon, to 


regulate the paſſage of the air; and by this 


means the air is: gradually admitted, ſo as to let 
the mercury fall to its level. This being done, 
the bell-glaſs is to be carefully removed, the 
globules of melted. iron contained. in the cup, 
and thoſe which have been ſcattered about, and 
ſwim upon the mercury, are to be accurately 
Colleges. and the whole is to be weighed. The 
iron will be found in that ſtate called martial 

| ear 
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etbiops by the old chemiſts, poſſeſſing a degree of 
metallic brilliancy, very friable, and readily re- 
ducible into powder, under the hammer, or with 
2 peſtle and mortar. If the experiment has ſuc- 
ceeded well, from 100 grains of iron will be ob- 
tained 135 or 136 grains of ethiops, which i is an | 
augmentation of 35 per cent. 
If all the attention has been paid to * ex- 
riment which it deſerves, the air will be found 
diminiſhed! in weight, exactly equal to what the 
iron has gained. Haying therefore burnt 100 
Srains of iron, which has acquired an addition- 
al weight of 35 grains, the diminution of air 
will be found exactly 70 cubical inches; and 
it will be ſhewn, in the ſequel, that the weight | 
of vital air is very near half a grain for each 
| eubieal inch ; ſo that, in effect, the augmenta- : 
tion of weight i in the one exactly coincides with | 
thee, loſs. of it. in the other. WEE EX 
5 1 ſhall obſerye here, once for all, that, 5 e- 
very experiment of this kind, the preſſure and 
temperature of the air, both before and after 
the experiment, muſt be reduced by calcula- 
tion, to a common ſtandard of 54-52 of the ther- 
mometer, and 28 inches of the barometer. To- 
Wards the end of this work, the manner of per- 
forming this very neceſſary reduction will be 
found accurately —.. 
If it be required: to examine the nature of the 
A. which remains after this experiment, we 
. . muſt 
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muſt operate in a ſomewhat different manner. 

After the combuſtion i is finiſlled, and the veſſels 
have cooled, we firſt take out the cup, and the 
burnt iron, by introducing the hand through the 
quickſilver, under the bell-glaſs; we next intro- 
| duce ſome ſolution of potaſh, or cauſtic alkali, or 
of the ſulphuret of potaſh, or ſuch other ſubftan- 
ces as are judged proper for examining their ac- 
tion upon the reſiduum of air. I ſhall, in the ſe- 
quel, give an account of theſe methods of analy- 
ſing air, when 1 have explained the nature of 
theſe different ſubſtances, which are only here in 
a manner incidently mentioned. After this exa- 
mination, ſo much water muſt be let into the 
glaſs as will diſplace the quickfilver, and then, 

by means of a ſhallow diſh placed below the bell- 
glaſs, it is to be removed into the common water 
pneumato- chemical apparatus * where the air 
7 remaining may be examined at kite and with 
Stent fBcllity, 7. 

When very ſoft md” very pure iron has been 
employed, in this experiment, and, when the 
combuſtion has been performed in the pureſt re- 
ſpirable or vital air, free from admixture of the 


noxious or x mephitic part, the air which: remains 
5 | after 


6 * "hy 2 ad n of this n ng 
the manner 'of vfing it, and uf many other proceſſes, with 
the inſtruments fitted for carry * on, ſee the third 

part of this work. T. 0 
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_ after the combuſtion will be found as pure as if 
Was before ; But it is difficult to find iron en- 
tirely free from a ſmall portion of charry mat- 
ter, which is chiefly abundant in ſteel; and it 
is likewiſe exceedingly difficult to procure pure 
air perfectly free from ſome admixture of me- 
phitis, with which it is almoſt always conta- 
minated : That ſpecies of noxious air does not, 
in the ſmalleſt degree, diſturb the reſult of the 
experiment, as it is always found at the end 
aaa in the lame 3 as at the . 
1 „ ee pe Be that we PE two Wehe | 
of determining the conſtituent parts of atmo- 
ſpheric air, the method of analyſis, and that by 
| ſyntheſis, The calcination of mercury has fur- 
niſhed us with an example of each of theſe me- 
thods, fince, after having deprived it of the re- 
ſpirable part, by means of the mercury, we 
have reſtored it again, ſo as to recompoſe an air 
preciſely ſimilar to that of the atmoſphere. 
But we can equally accompHth | this ſynthetic 
compoſition of atmoſpheric air, by borrowing the 
. materials of which it is formed from different 
kingdoms of nature. We ſhall ſee hereafter 
that, when animal ſubſtances are diſſolved in the 
nitric acid, a great quantity of gas 1s diſengaged, | 
which extinguiſhes light, and is unfit for ani- 


mal reſpiration, beigg exactly ſimilar to the 
- noxious or -mephitic part of atmoſpheric air. 


And, 
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And, if we take 73 parts, by weight, of this 

elaſtic fluid, and mix it with 27 parts of highly 
reſpirable air, procured from calcined-mercury, 
we ſhall form an elaſtic fluid preciſely ſimilar 
to atmoſpheric air in all its properties. id 
There are many other methods of ſeparating 
the reſpirable from the noxious part of the at- 
moſpheric air, which cannot be taken- notice of 
in this place, without anticipating information, 
which properly belongs to the ſubſequent chap- 
ters. The experiments already adduced .may 
ſuffice for an elementary treatiſe ;' and, in mat- 
ters of this nature, the choice of our evidences 
is of far greater conſequence n their num- 
ber. 5 = 
I ſhall cloſe this article; by pointing out the 
property poſſeſſed by atmoſpherio air, and all 
the known gaſſes, of diſſolving water; which 
circumſtance it is of great conſequence to attend 
to in all experiments of this nature. Mr Sauſ- 
ſure found, by experiment, that a cubical foot 
of atmoſpheric air is capable of holding 12 grains 
of water in ſolution . Other gaſſes, as the car- 
bonic acid, appear capable of diſſolving a great- 
er quantity; but experiments are till wanting 

1 | 8 9 


It is evident that the quantity of water held in ſolu- 
tion, by determinate quantities of the different gaſſes, muſt 
vary according to the degrees of temperature and preſſure, 
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by which to determine their ſeveral propor- 
tions. This water, held in ſolution by gaſſes, 
gives riſe to particular phenomena, which re- 
quire great attention, in many experiments, and 
which has frequently proved the ſource of great 
errors to chemiſts in determining the reſults of 
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| Laser circumlocution, to expreſs the na- 

ture of tlie ſeveral ſubſtances which conſtitute our 


atmoſphere, having proviſionally uſed the terms 


of reſpirable, and noxious, or non-reſpirable, parts 
of tbe air. But the inveſtigations I mean to 

undertake, require a more direct mode of ex- 
preſſion; and, having now endeavoured to give 


| ſimple and diſtinct ideas of the different ſub- 


ſtances: which enter into the compoſition of the 
atmoſphere, I ſhall henceforth expreſs theſe 


ideas by words equally ſimp le. 


The temperature of our earth Pew Sun 


| near to that at which water becomes ſolid, and 
at which reciprocally it changes from ſolid to 
fluid; and as this phenomenon takes place fre- 


quently under our obſervation, it has very na- 
turally followed, that, in the languages: of at 
leaft every climate ſubject to any degree of win- 
ter, a term has been uſed for ſignifying water in 


the ſtate of dy; or-when deprived'of its ba- 


G loric. 
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loric. The ſame preciſion has not been found 
neceſſary with reſpect to water reduced to the 
ſtate of vapour by an additional quantity of calo- 
ric. Thoſe perſons; who do mot make a particu- 
lar ſtudy of objects of this kind, are ſtill ignorant 
that water, when in a temperature only a little 
above the boiling” heat, is changed into an elaſtie 
aëriform fluid, ſuſceptible, like all other gaffes, 
of being received and contained in veſſels, and of 
preſerving its gaſſeous form ſo long as it remains 
at the temperature of 2129, and under al pre 
| ſure not exceeding 28 inches of the mercurial ba 
rometer. As this phenomenon has not been ve- 
ry generally obſerved; no language has uſed a 
particular term for expreſſing water in this ſtate u 
and the fame thing \0ccurs with all fluids; and 
all ſubſtanees, which de net evaporate: in the 
common temperature, and e the uſual 05 | 
fire of our atmoſphere.” ite das Se 
e ee reafons; names 4 here wer bäcn Rees 
Mqtid or conerete ſlates of moſt of che 
acriform fluids : Theſe were not known to arife 
ftom the -combination” of calorie with certain 
_ bales and; as they had not deen ſeen either in 
the liquid or ſolid ſtates, their exiſtence; under 
ave eee was W urkenown aha ho 0 
ee aka 
= 581 N ͤLL -In1 en; 5h 4801 we 
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We have not. pretended to make any altera- 
tion upon ſuch terms us are ſanctiſied by ancient 
cuſtom; and, therefore; continue to uſe the words 
water and ice in their common acceptation. We 
like wife retain the word air, to expreſs that col - 
lection of elaſtic fluids which compoſes our at- 
moſphere: But we have not thought it necef- 
fary to preſerve the ſame reſpect for modern 
terms; adopted by the latter philoſophers, having 
ceonſidered ourſelves as at liberty to reject ſuch 
as appeared liable to give erroneous ideas of the 
ſubſtanees they are meant to expreſs, and either 
to ſubſtitute new terms, or to employ the old 
ones, after having modified them in ſuch a man- 
ner as to convey more determinate ideas. New 
words, when neoeſſary, have been borrowed 
chiefly from the Greek language, in ſuch a man- 
ner as to make their etymology comvey ſome idea 

of what was meant to be repreſented by them; 
and we jhave always endeavoured to make theſe 
ſhort, and of ſuch: a form ur ebe EO 

changed: ingo adjectives and verbs. : 
_  (Edllowing: theſe principles, we hawks e 
the example of Mr Macquer, retained the tenm 
gat, employed by Vanhelmont; having arrang- 
ed the numerous claſs; of elaſtic ariform fluids 
under that name, excepting only atmoſpheric 
1 Gas, therefore, in our nomenclature, be- 
comes a generic terw, expteiſing the fulleſt de- 
bree of ſaturation in any body with caloric; be- 
7 G 2 ing, 
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ing in fact, a term expreſſive of a modè of ex- 


iſtence. To diſtinguiſh the ſpecies of gas, we 
employ a ſecond term derived: from the name 
of the baſe; which;: ſaturated with caloric, forms 
each particular gas. Thus, we name water com- 
hined to ſaturation with caloric, ſo as to form an 
elaſtic fluid, agucaur gas.g ether combined in 
the ſame manner, ethereal gar; the combination 
of alkohol with caloric, becomes alkabolic:gas ; 
and} following the ſame principles, we have nu- 


riutit acid gas, ammoniacal gas, and ſo on of eve- 


ry ſubſtance ſuſceptible of being combined with 
caloric,' in ſuch» a manner as to eee 3 * | 
feous or elaſt ie ariform ſtate. 
We have already ſeen, that the nel erte 
fluid, or common air, is compoſed of two gaſſes, 
or ariform fluids; one of which is capable, by 


reſpiration, of contributing to ſupport animal 


life; and in it metals are ralcinable, and com- 
buſtible bodies may burn: The other, on the 
contrary, is endowed with directly oppoſite qua- 
lities ; it cannot be breathed * by animals, nei- 
ther:will-it// admit of the combuſtion of inflam- 
mable bodies, nor of the calcination of metals. 


We have given to the baſe of the former, which 
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— e air, the 
Jͤĩͥ ꝰↄ A 8 name 


„ 


» 11 may indesd * infplred 3 into the 5 of animal | 
but is then 4 tg ene ioftant death. T. 


ih 


a 


or by * 21 3 _— 


"ELEEEESE 


FT FN af) 


pre becauſe one et the 2 — aa proper- 
tics of 'this baſe is to form acids, by. combining 
with many different "fubltances. The ut union of 
this baſe, with caloric; which is the. awe with 
what w as formerly named ; pure, or 55 or bigh- 
If reſpirable air, we how call oxyge? ; gas.” The 
wel ght of this gas, at the kenpertelle k 8 505, 
and Ur" A preſſufe equal to” 28 inchleb . the 
: elde is half a” grain for each cubical inch 
nearly, br 0 ne ounce aut d halt te ö each” cubical 
foot? e A. RIU An ien bog Wap 10 
The chemical! properties bee he us por 
tioki öf opere air being hitherto 6 but little 
known, we have been ſatisfied to derive the name 
of its aſe! from irs Known quality of Killing 
ſach animals as are forced: 1 em it, pivitg 
it the name of vt from SO cp 
particle 4 lid oz , vita; ; hence Re e me 5 
the noxi6ius'” parr © op! utmöfß wrt al ris 72 
gas. The weight er thi, 5 rent eite 1 Perk: 
ture, and u under the fame Nene 
 dranis and 48 p45. to the CUhical ft, Ir. "5.44 444 
of à grain to the” bfedl neh. e Aue 
deny that this hate appears Tomethät 'extra- 
ordinary; büt this muft be the Cale With all 
new terms, which cannot be expected co be- 
come familiar until they have, been ſome time 
in uſe. We long endeayoured to find a more 


| PROP; dfignation without ſucceſs: It was at 
| G3 | firſt 
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en NS 
rſt propoſed, to call it alkaligen gas, as, from 


ths 8 87 425 of Mr Berthollet, it appears to 
enter idto the com poſition, "of ammoniac, or vo- 
latile alkali.; but . we haves as yet no proof 
of. its making one of che conſtituent, clemepts of 
the « other,  alkaljes ; 3. beſides, it 1s proved 1 to form 
a part of ith, nitric acig, which | Rp $8 good 
reaſop to haye it called riren. For theſe rea- 
ſons, finding it neceſlary to reject any name up- 
on ſyſtematic principles, we have conſidered that 
we run go riſk of miſtake, in adopting the terms 
of azot, and azotic gas, "which only expreſs a 
matter of fact, or that property 9 it poſ- 
ſeſſes, of, e fuch e as b 0 it of 
their liyes, 1 TY EE) TW; Is #72 


»# $3 


14 


pinch porch of 5 1 ht we 1712 | 
= that, ben gpes. the ſimple clemen- 

tary ſubſtgnce i is viſtinguiſhed. by an appropriate 

term, the names of all its compounds, derive. rea- 

Aly, and neceſſarily, An. Fhjs A. Gem 

nation, LoBagas = Ou. 4 1791 

Sti: Sol 800 rates” 4; Ee 

Ton & bait ©; Darin rasse Vi 
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periviinitg e it is a aa ; : 
* principle, which ought never ts be deviated | 
from, that they be fimplified as much as poſ- 
ſible, * and that every ecircumſtance capable of 
ee their reſults complicated be carefully 
remoyed. Wherefore, in the experiments which 
form the, objeck of this chapter, 1 have never 
employ ed atmoſpheric a Air, which. is not a imple | 
wußte It is true, that the azotic gas, which f 
fo rms f A part of its mixture, appears to be mere- 
ly Paſſtve during combuſtion and, calcination I 
but, beſides that it Tetards theſe operations very 
conſiderably, we are not certain but it may even 
alter their "reſults i in ſome circumſtances; : for 
which Teafon, I have thought i it neceffary to re- 
move even this poſſible cauſe” of doubt, by ma- 
king ple, only of pure oxygen gas in the fol- 
lowing experiments, which ſhew the effects pro- 
duced by combuſtion in that gas. I ſhall ad- 
vert to fuch differences as take place i 15 the re- 
ſults of theſe, when the oxygen gas, or pure 

| G 4 | vital 
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vital air, is mixed, in different n with 
azotic gas. 
Having filled a bell-glaſs A, PL IV. fig. 3. of 
between five and fix fiints' meaſure, with oxy- 
gen gas, I removed it from the water-trough, 
where it was filled, inte... the quickſilver bath, 
by means of a ſhallow glaſs diſh ſlipped under- 
neath, and having dried the mereury, I introdu- 
ced 612 grains of Kunkel's phoſphorus in two 
little China eups, like that repreſented at D, 
fig. 3- under the glaſs A. That I might | ſet fire 
to each of. the portions of phoſphorus ; ſeparatel 
and to revent the onę from catching | fire from. 
the other, one of the diſhes Was covered with a 
flat. piece, of glaſs. 1 next raiſed the. quick 
| filver in the bell-glaſs up to EF, © by ſucking, 
out a ſufficient portion. FE gas through the y- 
phon GHL After this, by means of the erook- 
ed iron wire, fig. 16. made red hot, 1 ſet fire 


. 


firſt burning that portion which was not. cover- 
ed by the piece of glaſs. The combuſtion was. 
extremely rapid, being attended by a very bril - 
liant flame, and a conſiderable diſengagement of | 
light and heat. 5 In conſequence . of the great, 
heat induced, the gas was at firſt much dilated, = 
but ſoon after the mercury returned to its level, 
| and a conſiderable abſorption or diminution of 


gas took place; 3.6 the ſame Ines the whole in- 
ide 
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ade of the glaſs became covered with light white 
flakes of concrete phoſophoric acid. 

At the! beginning of the experiment, the 
quantity of oxygen gas, reduced, as before di- 
rected, to a common ſtandard of thermometrical 
temperature and barometrical preſſure, amount- 
ed to 162 cubical inches; and, after the com- 
buſtion was finiſhed, only 23 cubical inches, 
likewiſe reduced to the ſtandard, remained; ſo 
that the quantity of oxygen gas abſorbed during 

the combuſtion was 1384 n man "oo 

to 69.375 grains 6 

A part of the e PRA -UNCon- 
ſumed in the bottom of the cups, which, being 
waſhed on purpoſe to ſeparate the acid, weigh-' 
ed about 165 grains; ſo that about 45 grains of 
phoſphorus had been conſumed: But, as it is 
hardly poſſible to avoid an error of one or two 
grains, I leave the number ſo far qualified. 
Hence, as nearly 45 , grains: of phoſphorus had, 
in this experiment, united with 69.375 grains 
of oxygen, and as no gravitating matter could 
have eſcaped through the glaſs, we have a right 
to conclude, that the weight of the ſubſtance re- 
ſulting from the combuſtion in form of white 
flakes, muſt equal that of the phoſphorus and 
oxygen employed, which amounts to 114.375 
grains. And we .ſhall preſently find, that theſe. 
flakes; conſiſted entirely of a ſolid or conerete 
le When we reduce theſe weights to hun- 

err?) : dredth 
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_ dredth parts, it will be found that 209 parts of 
phoſphorus require 184 parts of oxygen for ſas 
turation, and that this combination will produce 
254 parts of concrete en gend en ma form 
of White fleecy flakes. Gontmos & 01 Dt 

This experiment eee 1 convin- 
cing manner, that, at a certain idegice: of tempe · 
rature, oxygen poſſeſſes a ſtamger elective at- 
traction, or aſſinity, for phoſphorus: than for ca. 
loric; and that, in conſequenee of this, the pho. 

phorus attracts the baſe of oxygen gas from the 
caloric, which, being ſet free, ſpreads itſelf over 
the ſurrounding bodies. But, though this ex- 
periment be ſo. far perfectly roncluſive, it is not 
ſufficiently rigorous; for, in the apparatus de 
ſcribed above, it is impoſſible: ito” aſcertain” the 
weight of the flakes of concrete leid which are 
formed; we can therefore only determine this 
by vileulating the weights of dxygen and phoſ-- 
Phorus employed: But as, in phyfcs, and fn 
chemiſtry, it is not allo wable to ſuppoſe what is 
capable of being aſeertained by direct experi- 
ment; I thought it neceſſary to repeat this experi- 
ment, as follows, upon a e ar Aer means 
of a different apparatus. .. 

I took a large glaſs balloon A, Pl. IV. fig. on 
with an opening of three inches diameter, to 
which was fitted a cryſtal ſtopper ground with 
emery, and pierced with two holes for the tubes 
. xxx. Before ſhutting the balloon with its 

ſtopper, 
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Sa I introduced the ſupport BC, ſurmount- 
ed by the. China cup D, containing 150 Fri. of 
phoſphorus, the ſtopper was then fitted to the 
opening of the, balloon, luted with fat lute, and 
covered with {lips of linen {pread with quicklime 
and white of eggs. When the lute was perfect- | 
1y dry, the weight of the whole apparatus was 
ab to within a grain, or a grain and a 
half, I next exhauſted the halloon, by means 
of an aix- pump applied to the tube xxx, and 
then introduced oxygen ges by means of the 
tube , which, has a ſtop· cock adapted to it. 
This Kind of experiment is moſt readily and 
moſt exaQly, performed by means of the hydro- 
Pneumatic machine deſcribed by Mr Meuſnier 
and. my ſelf in the Memoirs of the Academy for 
782, p. 6h, and explajned in, the latter part 
of, this wark, with; ſexeral important additions 
and corrections ſinee made to it by Mr. Meuſ- 
nier. With this;jaſtrament; we can readily: pf 
certain, in the moſt exact manner, bath the 
quantity of oxygen gas introduced into the bal - 
Joon, and the quantity we n | whe 
courte of the experiment. 


When all things were n diſvoled, I ſar i 


fire to the phoſphorus. with a burning-glaſs : 
The combuſtion was extremely rapid, accompa- 
nied with-a bright flame, and much heat: As 
the operation went on, large quantities of white 
ke nn attached themſelves to the in. 


HET 
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ner ſurface of as: ballodn, until at laſt it was 
rendered quite ' opake. The qu antity of thefe 
flakes at the end became ſo abundant, tliat, 

though freſh oxygen gas was continually fup- 


plied, which ought to have ſupported the com- 


buſtion, the phoſphorus became extinguiſhed. 
Having allowed the apparatus to cool complete- 


Iy, I firſt aſcertained the quantity of. oxygen gas 


| employed, and wei ighed the balloon accurately, 


before it was opened. 'T next waſhed, dried, 


and weighed the ſmall quantity of phoſphorus 


remaining in the cup, on purpoſe to determine 


* 


the whole quantity of phoſphorus covifmed in 
the experiment; this teſiduum of the phofphs- 


"rus was of a yellow ochtey colour. It is ei-. 
dent, that by theſe ſeveral precautions, 1 could 


eaſily determine, the weight of the phoſphorus 0 
conſumed; the weight of tlie flakes produced 
by the [dounbuition ; and the weight of the 


oxygen which had combined with the phoſf- 


8 anne 101 142 on 3111 1 TMR 715 
This expotimaie gave very neatly tha Haine 


reſults with the former, as it proved, that the 


phoſphorus, during its combuſtion, had abſorbed 


a little more than one and a half its weight of 


oxygen; and I learned with more certainty, 
that the weight of the new ſubſtance, produced 


in the experiment, exactly equalled the ſum 
of the weights of the phoſphorus conſumed, 


ud oxygen abſorbed, which indeed was eaſily 
determinable 
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determinable a priori. If the oxygen gas em- 
ployed be purg, the reſiduum after combuſtion 
is as pure as the gas employed: This proves 
that nothing aſoupes from the phoſphorus, ca- 
pable of altering the purity of the oxygen gas, 
and that the only action of the phoſphorus is to 
ſeparate the oxygen from the nn with which 
it was before united. | 
I mentioned above, that when INE e 
ble body is burnt in a hollow ſphere of ice, or 
in an apparatus properly conſtructed upon that 
principle, the quantity of ice melted during the 
combuſtion is an exact meaſure of the quantity 
cf caloric diſengaged. On this ſubject the me- 
moir given to the academy by M. de la Place and 

myſelf, Ab. 1780, p. 355, may be conſulted. 
Having ſubmitted the combuſtion of phoſphorus 
to this trial, we found that one pound of phoſ- 
phorus melted a little more than 100 hay A n | 
ice during its combuſtion 

The combuſtion of phoſphorus Mead 1560 
ty well in atmoſpheric air as in oxygen gas, witn 
this difference, that the combuſtion is vaſtly flow- 
er, being retarded by the large proportion of 
azotic gas mixed with the oxygen gas; and that 
only about one fifth-part of the air employed is 
abſorbed, becauſe, as the oxygen gas only is ab- 
ſorbed, the proportion of the azotic gas becomes 
ſo great towards the cloſe of the n 
to e an end to the combuſtion. 
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I have already ſhewn, that phoſphorus is 
changed by combuſtion into im extremely light, 
white; flakey matter. Its properties are ke wiſe 
entirely altered by this trans formation; from 
being infoluble in water, it becomes not only 
folable, but fo greedy of miiſture, as to attract 
the humidity: of the air with aſtoniſning rapidi- 
ty: By this means it is converted into a liquid, 
conſiſlerably more denſe, and of more ſpecific 
gravity than water. In the ſtate of phoſphorus 
before combuſtion, it had ſcarcely any ſenſible 
_ taſte; by its union-with oxygen it acquires an 
extremely ſharp and four taſte; in a word, from 
one of the claſs of combuſtible bodies, it is chan 
_ ged into an incombuflible ſubſtance, and beromes 
one of thoſe bodies called acids. 
FPhis property of 'a' combuſtible Aae to ; 
be converted into an acid, by the addition of 
oxygen, we ſhall preſently find belongs to a great 
number of bodies: Wherefore; ſt ritt logie re- 
quires that ] ſhoult adopt a common term for 
indicating all theſe operations which produce 
analuguius reſults . This is the true way to fim- 
plify the ſtudy uf ſcience, as it would be quite 
impoſſihle to bear all its ſpetifical details in 
the memory, if they were not claſſically ar- 
ranged. For this reaſon, we hall diftinguifh 
the converſion of phoſphorus · into an acid, by 
its union with axygen, and in general every 
combination of oxygen with a combuſtible ſub- 
8 | ſtance, 
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ſtances by the term of avygenation: From this 
Lhalt adopt the merb o axygenare ; and of con- 
ſequence ſhall: fay, fg N 
rus e comvert ĩt into an acid. 
Suilphurlis like wife a combaliibls docu oritn 


other words, it is a body which: — 


power of decampoſing oxygen gas, by attract. 
ing the gen from the caloric: with which it 


was combined I Bis car very eafity be proved; 


by: means of experiments quite mii las to thoſe 
ceſſtry to premiſe;.thar in theſe operations with 
fulphur, the ſame! accuracy:of reſult is not to 
be expected as with phoſphorus; becauſe the 
acid vrhich is formed by the combuſtion of ſul 
Phur is diffirulthy condenſible, an betauſe ſul . 
phur burns witii more difficulty, and is folublle 
in the different gaſſes. But I can ſafely aſſert, 
from my own experiments, that fulphur in 
burning abſorbs axygen gas; that the reſulting 
acid is confiderably' hæavier than tlie fulphur 
burnt ; that itt weight is equal to the Sam of 
the weights: df the ſulphur which has been 
burnt, and af the oxygen abſorbed and, laſtly, 
that this acid is weighty, incombuſtivle, and 
miſcible with water 1n all proportions. The only 


ubcertaintY 1 remaining upon this Head, is with 
regard” to the proportions of ſulphur and of 
oxygen v Aer i 1 e the . 


acid. rod le nam bas 
. Charcoal, 
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Charcoal, which, from all our preſent know- 
ledge regarding it, muſt be conſidered as a fim- 
ple combuſtible body *, has likewiſe the proper- 
ty of decompoſing oxygen gas, by abſorbing its: 
baſe: from the caloric: But the acid reſulting 
from this combuſtion does not condenſe in the 
common temperature; under the preſſure of our 
atmoſphere, it remains in the ſtate of gas, and 
requires a large proportion of water to combine 
with, or be diſſolved in. This acid haus, how-/ 
ever, all the known properties of other acids, 
though in a weaker degree, and combines, like 
them, with all the baſes which are ſuſceptible of 
forming neutral falt... 
Tue combuſtion of charcoal in oxygen gas, 
may be effected like that of phoſphorus in the 
bell-glaſs, A, Pl. IV. fig. 3. placed over mer - 
cury: But, as the heat of red-hot iron is not 
ſufficient to ſet fire to the charcoal, we muſt 
add a ſmall morſel of tinder, with a minute 
particle of phoſphorus, in the ſame manner as is 

directed in the experiment for the combuſtion 
of iron. A detailed account of this experiment 

will be found: in he ene eee 

ie 55 er = ien 6:63 For: 
» * This affectionia, to * underſtood 2 My pure Wee 
1 part of charcoal, which, in the ep isnamed_ 


carbon, carbonum, to diſtinguiſh it from charcop l, 4 rk, 
| carbo: The latter, beſides carbon, contaitis 7 Bhs 


_ buſtible earth, and certain ſalts. TP. po is 
. 1 * „ % * 
3 „ 2 4, 404443 >, : 5 3 
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for 1781, p. 448. By that experiment it ap- 
8 pears, that 28 parts by weight of carbon re- 
quire 72 parts of oxygen for ſaturation, and that 
the atriform acid produced is preciſely equal 
in weight to the ſum of the weights of the char. 
coal conſumed and oxygen gas employed during 
the combuſtion. This aeriform acid, was called 
fixed or fixable air by the chemifts who firſt diſ- 
covered it; they did not then know whether it 
was air reſembling that of the atmoſphere, or 
ſome other elaſtic fluid, vitiated and corrupted 
by combuſtion ; but ſince it is now aſcertained to 
be an acid, SAT like all others by the oxy- 
genation of its peculiar baſe, it is obvious that 
the name of fixed air is quite ineligible s. 
By burning charcoal in the apparatus men- 
tioned, P- 60, Mr de la Place and I found that 
one lib. of charcoal ' melted 96. 375 libs. of ice; 
that, during the combuſtion, 2. 57 I4 Ab. of oxy- 
gen were abſorbed, and that 3. 5714 libs. of acid 
gas were formed. This gas weighs o. 695 parts 


of! a grain for each cubical inch, in the common 
H | ſtandard 


* It may be proper to AE though here omitted 


| by! the author, that, in conformity with the general prin- 
| ciples of the new nomenclature, this acid is by Mr La- 
voiſier and his colleagues called the carbonic acid, and 
when in the acriform Rate, carbonic acid gas. 22855 
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ſtandard 8 and preſſure mentioned 
above, ſo that 34242 “ cubical inches of acid gas 
are produced by the combuſtion of one pound of 
charcoal, f | 

T might multiply theſe experitaents, and ſhow, 
by a numerous ſucceſſion of facts, that all acids 
are formed by the combuſtion of certain ſubſtan- 
ces; but I am prevented from doing ſo in this 
| place, by the plan which I have laid down, of 
proceeding only from facts already aſcertained 
to ſuch as are unknown, and .of drawing my 
examples only from circumſtances already ex- 
plained, In the mean. time, however, the 
three examples above cited may ſuffice for gi- 
ving a clear and accurate conception of the 
manner in which acids are formed. By theſe 
it may be clearly ſeen, that oxygen 1s an ele- 
ment common to. them all, and which conſti- 
tutes or produces their acidity; ; and that they 
differ from each other, according to the ſeveral 
natures 'of the oxygenated or acidified ſubſtan- 
ces. We muſt therefore, in every acid, care- 
| fully 


* 


. 1 - 
. 
— 7 4+ . 
at 
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* Some error muſt have crept into Mr Lavoifier's cal- 


© culation; for, on the data here given, the number of cu- 


bical inches of gas ought to have been 47358 35 283. 5714 
ibi. of carbonic acid gas, or 32914.0224' grs. when di- 
_ vided by .695, the weight of a eubical inch, give this 
corre&ted 8 e 
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fully diſtinguiſh between the acidifiable baſe, 
which Mr de Morveau calls the radical, and 
the acidifying principle, or oxygen. g 
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Of the Nomenclature of Acids in general, and par- 
3 of thoſe drawn from Ni tre and Sea- 
Salt. 


TT 8 extremely eaſy, from the princi- 
J ples laid down in the preceding chapter, to 
eſtabliſh a ſyſtematic nomenclature for the a- 
cids: The word acid being uſed as a generic 
term, each acid falls to be diſtinguiſhed in lan- 
guage, as in nature, by the name of its baſe or 
radical. Thus, we give the generic name of 
acids to the products of the combuſtion or oxy- 
genation of phoſphorus, of ſulphur, and of car- 
bon; and theſe products are reſpectively named, 
the phoſphoric acid, the 8 88 acid, and the 
carbonic acid. | 

There is, however, a t cireuſn- 
ſtance in the oxygenation of combuſtible bo- 
dies, and of a part of ſuch bodies as are con- 
vertible into acids, that they are ſuſceptible of 
different degrees of ſaturation with oxygen, 
and that the reſulting acids, though formed by 
the union of the ſame elements, are poſſeſſed of 
different properties, depending upon that dif- 
ference of proportion. Of this, the phoſphoric 
acid, and, more eſpecially, the ſulphuric, fur- 

N | | niſh 
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| Diſh us with examples. When ſulphur is com- 
bined with a ſmall proportion of oxygen, it 
forms, in this firſt or lower degree of oxygena- 
tion, a volatile acid, having a penetrating odour, 
and poſſeſſed: of very peculiar qualities. By a 
larger proportion of oxygen, it is changed into 
à fixed, heavy acid, without any odour, and 
which, by combination with other bodies, gives 
products quite different from thoſe furniſhed 
by the former, In this inſtance, the principles 
of our nomenclature ſeem to fail; and it appears 
difficult to derive ſuch terms from the name of 
the acidifiable baſe, as ſhall diſtinctly expreſs 
theſe two degrees of ſaturation, or oxygenation, 
without circumlocution. By reflection, how- 
ever, upon the ſubject, or perhaps rather from 
the neceſſity of the caſe, we have thought it al- 
lowable to expreſs theſe varieties in the oxyge- 
nation of the acids, by ſimply varying the termi- 
nation of their ſpecific names. The volatile acid 
produced from ſulphur was anciently known 
tun EY under the name of yh Ste acid &. 

FT 


* The term formerly uſed by aa Engliſh chemiſts for 
this acid was written ſulphureous ; but I have thought pro- 
per to ſpell it as above, that it may hetter conform with the 
ſimilar terminations of nitrous, carbonous, &c. to be uſed 
hereafter, In general, I have uſed the Engliſh terminations 
ic and ous to tranſlate the terms of the Author which end 
n 555 and eur, with hardly any other alterations —T. 


We have preſerved that term for this acid from 
tulphar, under-ſaturated with oxgygen; and di- 
nguiſn the other, or completely ſaturated or 
OXY genated acid, by the name of ſulphuric acid. 
We ſhall therefore fay, in this new chemical 
language, that ſulphur, in combining with oxy- 
gen, is ſuſceptible of two degrees of ſaturation; 
that the firſt, or leſſer degree, conſtitutes ſul- 
phurous acid, which is volatile and penetrating; 
while the ſecond, or higher degree of ſaturation, 
produces ſulphuric acid, which is fixed and in- 
odorous. We ſhall adopt this difference of ter- 
mination for all the acids which aſſume ſeveral 
degrees of ſaturation.” Hence we have a phoſ- 
phorous and a phoſphoric acid, an acetous and 
an acetic acid; and ſo on, for I in fimilar 
_circumftances.” 
This part f denden r cab have 
been extremely ſimple, and the nomenclature 
of the acids would not have heen at all per- 
plexed, as it is now in the old nomenglature, if 
the baſe or radical of each acid had been known 
when the acid itſelf was diſcovered. Thus, for 
inſtance, phoſphorus being a known ſubſtance 
before the diſcovery of its acid, this latter was 
rightly diſtinguiſhed: by a term drawn from the 
name of its aeidifiable baſe. But when, on the 
contrary, *an'*acid* ha pened to he difcovered 
before. its baſe, or rat] ier, when the acidifiable 


5+ @- 


Known, 
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known, names were adopted for the two, which 
have not the- ſmalleſt connection; and thus, 
not only the memory became baited with 
uſeleſs appellations, but the minds of ſtudents, 
nay even of experienced chemiſts, became fil- 
led with falſe ideas, which time and reflection 
alone are capable of eradicating. We may 
give an inſtance of this confuſion with reſpect 
to tlie acid of ſulphur: The former chemiſts, 
having procured this acid from the vitriol of 
iron, gave it the name of the vitriolic acid from 
the name of the ſubſtance which produced it; 
and they were then ignorant that the acid pro- 
cured from ſulphur by combuſtion was exactly 
the ſame. The ſame thing happened with the 
aEriform acid, formerly called fixed air ; it not 
being known that this acid was the reſult of 
combining carbon with oxygen, a variety of 
denominations have been given to it, not one 
1 which conveys juſt ideas of its nature or ori- 
Su. 
We Have found it extremely ae to re 
and modify the ancient language with reſpect 
to thoſe acids which proceed from known baſes; 
having converted the name of vitriolic acid into 
that of ſulpburic, and the name of fixed air in- 
to that of carbonic acid; But it is impoſſible 
to follow this plan with the acids whoſe baſes 
are Rill unknown ; with theſe we have been 
E obliged to uſe a contrary plan, and, inſtead of 
H 4 forming 
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forming the name of the acid from that of its 
baſe, have been, forced to denominate its un- 
known. baſe from the name of the known acid, 
as happens i in, the caſe of the acid which is pro- 
cured from ſea- ſalt, 3 

'To diſengage this acid from the 3 $A 
with which it is combined, we haye only to 
pour ſulphuric acid upon ſea-ſalt ; immediately 
a briſk efferveſcence takes place, white vapours 
| arile, of a very penetrating odour, and, by gen- 
tly heating the mixture, all the acid i is driven 
off. As, in the common temperature and preſ- 
ſure of our atmoſphere, this acid is naturally i in 
the. ſtate of gas, we muſt uſe a . precau- 
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modious apparatus confiſts of a {mall retort G, 
PI.V. Fig. 5-into which the ſea-falt j is introduced, 
well dried &; ; wel then pour on ſome concentrated 
ſulphüric Lela, and immediately introduce the 
beak of the retort under little Jars or bell- 
glaſſes A, ſame Plate and Fig. preyiouſſy fil- 
led with quickſilyer. - In proportion as the acid. 
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ben to the top of the Pers, = which, it di. : 

45 IS 8.3% 7 ei £ fy. T3768 NI ee 
For this Fe the operation Gil deerepitation i is 
uſed/ which e conſiſts in ſubjecting it to nearly a red heat, in 
a proper _— ſo as to rene all its water of Kühnen 
n bo Nit or 
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places. When the difengagement of the gas 
flackens,..a gentle heat is applied to the retort, 
and, is gradually increaſed, till nothing more 
paſſes over, This acid gas has a very ſtrong 
affinity with: water, -which abſorbs. an enormaus 
quantity of it; this is proved by introducing a 
very thin layer of water into the glaſs which con- 
tains the gas, for, in an inſtant, the whole acid 
gas diſappears, and combines with the water. | 
I This latter circumſtance is taken advantage of 
in laboratgries and manufactories, on purpoſe to 
obtain the acid of ſea · ſalt in a liquid form; and 
for this purpoſe the apparatus Pl. IV. Fig. 1. is 
employed. It conſiſts; of a tubulated retort A, 
into hich the ſea-ſalt, and after it the ſulphuric 
acid, are introduced through the opening H; 
of the balloon or recipient c, b, intended for 
containing the ſmall quantity of liquid which 
aſſes over during the proceſs; and of a ſet of | 

bottles with two mouths, L, L, L, L, half filled 
with water, intended for abſorbing the gas diſ- 
engaged by the diſtillation. This apparatus will 
be more r nn in =o latter pry ot this 
work. 1 en 
Although we e not yet been able, either 
to compoſe” or to decompound this acid of ſea- 
falt, we cannot have the ſmalleſt doubt that it, 
like all other acids, i is compoſed by the union 
of OX £Ygen. with an, acidifiable baſe. We have 
therefore called this unknown ſubſtance the 
| muriatic 


888 baſe, or muriatic radical, be this 
name, aſter the example of Mr Bergman and 
Mr de Morveau, from the Latin word muria, 
which was aneiently uſed to ſignify ſea · falt. 
Thus, without being able exactly to determine 
the component parts of muriatic acid, we deſign 
by that term a volatile acid, which retains the 
form of gas in the common temperature and 
preſſure of our atmoſphere; which combines 
with great facility, and in great quantity, with 
water; and whioſe acidifiable baſe adheres ſo 
very intimately with oxygen, that no method 
has hitherto been deviſed for ſeparating them. 
If ever this acidiflable baſe of the muriatic acid 
is diſcovered to be a known ſubſtance, though 
row unknown in that capacity, it will be requi- 
ſite to change its preſent denemination nd one 

e e of aa S baſe, e 
£ yoirwb! 19 Wy In | 

2118 Dr Gittanner irtanner is ſaid be llt) dsseeser this 
Hydrogen is the baſe or radical of tlis acid. Should this 
diſcovery be confirmed, the terms will here require ſome 
farther alteration, in conformity with the general prin· 
_ ciples of the new nomenclature. At any rate, muriqpen 
max be employed to denominate the baſe of the muria- 
tic acid, till its nature be unequivocally determined ; and, 
if the diſcovery attributed to Dr. Gir anner be „ 
the common bafe of water and mur atic acid will more 
1 115. ney teri, than by thay 
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In common with ſulphuric acid, and ſeveral 
other acids, the muriatic is capable of different 
degrees of oxygenation; but the exceſs of oxy- 
gen produces quite contrary effects upon it from 
what the ſame circumſtance produces upon the 
acid of fulphur. The lower degree of oxygena- 
tion converts ſulphur into a volatile gaſſeous 
acid, which only mixes in ſmall proportions 
with water; while a higher oxygenation forms 
an acid poſſeſſing much ſtronger acid proper- 
ties, which is very fixed, and cannot remain in 
the ſtate of gas, but in a very high temperature, 
which has no: ſmell, and which mixes in large 
proportion with water. With muriatic acid, 
the direct reverſe takes place; an additional 
ſaturation with oxygen renders it more volatile, 
of a more penetrating odour, leſs miſcible with 
water, and diminiſhes its acid properties. We 
were at firſt inclined to have denominated theſe 
two degrees of ſaturation in the ſame manner 
as we. had done with the acid of ſulphur, call - 
ing the leſs oxygenated muriatous acid, and 
that which is more ſaturated: with oxygen mu- 
riatic acid: But, as this latter gives very par- 
ticular reſults in its combinations, and as no- 
thing analogous to it is yet known in chemil- 
try, we have left the name of muriatic acid 
to. the leſs ſaturated, and give the. latter the 
: AO 
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more — appellation of nn 4. 
riatic acid *. | 
Although the: baſe or radical of the acid 
which is extracted from nitre or ſaltpetre be 
better known, we have judged proper only 
to modify its name in the ſame manner with 
that of the muriatic acid. It is procured from 
nitre, by the intervention of ſulphuric acid, 
by a proceſs ſimilar to that deſcribed for ex- 
tracting the muriatic acid, and by means of 
the ſame apparatus, Pl. IV. Fig. 1. In propor- 
tion as the acid paſſes over, it is in part con- 
denſed in the balloon or recipient, and the reſt 
is abſorbed by the water contained in the bot- 
tles L, L, L, L; the water becomes firſt green, 
then blue, and at laſt yellow, in proportion to 
the concentration of the acid. During this 
operation, a large quantity of oxygen gas, mix- 
ed with a ſmall n of azotic gas, is . | 
_ engaged. 
This acid, like all othetn,f is pl: of oxy- 
gen, united to an acidifiable baſe, and is even 
85 kl acid in which the 8 of oxygen 
| was 
"EM * The n term murioxic nh miche 0 very 5 
conveniently for expreſſing this ſtate of the muriatic acid: 
In ftri& conformity with the general principles of the new 
chemical philoſophy and its nomenclature, it ſhould have 
been called ſuper-oxygenated, inſtead of oxygenated muria- 
tic acid; for all acids are oxygenated. T. 
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was well aſcertained.” Its two conſtituent ele- 
ments are but weakly united, and are eaſily 
ſeparated, by preſenting any ſubſtance with 
which oxygen has a ſtronger affinity than with 
the acidifiable baſe peculiar to this acid. By 
ſome experiments of this kind, it was firſt diſ- 
covered that azot, or the baſe of mephitis of of 
azotic gas, conſtituted its acidifiable baſe or 
radical; and conſequently, that the acid of 
nitre was really an azotic acid, having azot for 
its baſe, combined with oxygen. For theſe 


reaſons, that we might be conſiſtent with our 


principles, it appeared neceſſary, either to call 
the acid azotzc, or to name the baſe nitric ra- 
_ dical ; but from either of theſe we were diſ- 
ſuaded, by the following conſiderations. It 
| ſeemed difficult to change the name of nitre 
or faltpetre, which have been univerſally ad- 
opted in ſociety, in manufaQures, and in che- 
miſtry; and, on the other hand, azot having. 
been diſcovered by Mr Berthollet to be the 
baſe of volatile alkali, or ammoniac, as well as 
of this acid, we thought it improper to call it 
nitric radical. We have therefore continued 
the term of azot to the baſe of that part of 
atmoſpheric air which is likewiſe the nitric 
and ammoniacal radical; and we have named 
the acid of nitre, in its lower and higher de- | 
gens of — nitrous acid in the for- 
mer, 
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mer, and nitric acid in the latter ſtate; thus 
preſerving. * former oppellation properly modi- 
fied. | 

Several very reſpedable 1 have dic. 
approved of this deference for the old terms, 
and wiſhed us to have perſevered in perfecting 
a new chemical language, without paying any 
reſpect to ancient uſage; ſo that, by thus ſteer- 
ing a ſort of middle courſe, we have expoſed 
ourſelves to the cenſures of one ſect of che- 
miſts, and to the . of the E 


party. 
The acid of nitre is ſuſceptible of g a 


| great number of ſeparate ftates, depending up- 
on its degree of oxygenation, or upon the pro- 
portions in which azot and oxygen enter into its 
| compoſition. By a firſt or loweſt degree of oxy- 
genation, it forms a particular ſpecies of gas, 
which we ſhall continue to name nitrous gas ; 
this i is compoſed nearly of two parts, by weight, 
of oxygen combined with one part of azot, 
and in this ſtate it is not miſcible with water. 
In this gas, the azot is by no means fully ſatu- 
rated with oxygen, but, on the contrary, has 
ſtill a very great affinity for that element, and 
even attracts it from atmoſpheric air, imme - 
diately upon getting into contact with it. This 
combination of nitrous gas with the oxygen gas 


contained in atmoſpheric air, has even become 
one 
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one of the methods for determining the quantity 
of oxygen gas mixed with any portion of air, 
and conſequently is uſed as a teſt for aſcertain- 
ing its degree of ſalubrity. 

The further addition of oxygen converts 
the nitrous gas into a powerful acid, which 
has a ſtrong affinity with water, and which 
is itſelf ſuſceptible of various additional degrees 
of oxygenation. When the proportions of 
oxygen and azot are below three parts, by 
weight, of the former to one of the latter, the 
acid is red coloured, and emits copious fumes. 
In this ſtate, by the application of a gentle 
heat, it gives out nitrous gas; and we term 
it, in this degree of oxgenation, nitrous acid. 
When four parts, by weight, of oxygen, are 
combined with one part of azot, the acid is 
clear and colourleſs; more fixed in the fire 
than the nitrous acid; has leſs odour, and 
its conſtituent elements are more firmly uni- 
ted: This ſpecies of acid, in conformity with 
our principles of nomenclature, is called nitric 
acid, 5 | : 
Thus, nitric a is the acid of nitre, ſur- 

charged with oxygen ; nitrous acid is the acid 
of nitre ſurcharged with azot, or, what is the 
ſame thing, with nitrous gas; and this latter is 
aot not ſufficiently ſaturated with oxgen to 
poſſeſs the properties of an acid. To this lat- 
| | | | | ter 
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ter degres of oxygenation, we Have afterwards, 
in the courſe of tis: work, given the generical 
name of 'oxyd . 85 
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* 10 aria dabei ein the Atbeipte & the new 
nomenclature, but which the author has given his reaſons 
for deviating from in this inſtance, the following ought to 
gve been the terms for azot, in its ſeveral degrees of oxy- 
nation: Azot, azotic gas, (azot combined with caloric), 
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27 te EINER of ep Gas by means if 
| '; _ and the Formation of Metallic whe od 


\xyGeN: has a 158080 at with me- 
tals that are heated to a certain degree 
1 with caloric ! In conſequence of this, all 
metallic bodies, excepting gold, ſilyer, and pla- 
tina, have the property of decompoſing” oxy- 
gen gas, by attracting its baſe from the caloric 
with which it was combined. We have already | 
ſhown in whit manner this decompoſition is ef. 
: fected by means of mercury and iron; Having 
obſerved, that, in the caſe of che Grit. it muſt 
be conſidered as à Kind of gradial combuſtion, 
whereas, in the latter, the combuſtion is ex- 
tremely rapid, and is attended with a brilliant oa 
flame. The uſe of the heat employed i in theſe 
operations 1 is to ſeparate the. particles of the me- 
tal from each other, and to diminiſh their at- 
traction of coheſion. or aggregation, or, what is 

the ſame thing, their mutual atttaction for each 
other. 8 RY MAT SE 5 
The abſolute weight of all metallic ſubſtan- 


| ces is augmented in Proportion to the quantity 
Py eee . 
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of oxygen they abſorb ; they, at the ſame time, 
loſe their metallic ſplendour, and are reduced 
to the appearance of an earthy pulverulent mat- 
ter: In this ſtate, metals muſt not be conſider- 
ed as entirely ſaturated with oxygen, becauſe 
their action upon this element is counter- ba- 
lanced by the power of affinity between it and 
the caloric. During the calcination of metals, 
the oxygen is therefore acted upon by two ſe- 
parate and oppoſite powers, that of its attrac- 
tion for caloric, and that exerted by the metal ; 


and it only tends to unite with the metal i in 


conſequence of the exceſs of the latter power 
over the former, which is, in general, very 
inconſiderable. Wherefore, when metallic ſub- 
ſtances are oxygenated in atmoſpheric air, or 
in oxygen gas, they are not converted into 
a ids, like ſulphur, phoſphorus, and carbon, 
but are only changed into intermediate ſub- 
ſtances, which, though approaching to the na- 
ture of ſalts, haye not eee all the ſaline 
properties. 1 

An. older 3 bare . the name e of 
calx not only to metals in this ſtate, but to eve- 
ry body which has been long expoſed to the 


action of fire without being melted. . They © 


have employed this word calx as a generical 
term; under which they confound calcareous 
earth. which, from a neutral falt, which it 


; really was before calcination, has been chan- 
ged 


I 
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ged by fire into an earthy alkali, by ling half 
of its weight; and metals, which, by the ſame 
means, have joined themſelves to a new ſub- 
Nance; the added quantity of which often eæ- 
ceeds half their weight, and by the addition of 
which they have been changed almoſt into the 
nature of acids. This mode of claſſifying ſub- 
ſtances, of ſo. very oppoſite! matures; under the 
ſame generic name, would have been quite con- 
trary to our principles of nomenclature; eſpe- 
cially as, by retaining the above term for this - 
ſtate of metallic ſubſtances, we muſt have con- 
veyed very falſe ideas of its nature. We have, 
therefore, laid aſide the ex preſſion metallic calx 
altogether, and have ſubſtituted in its . the 
term oxyd, from the Greek word ug. | 
By this readineſs for ſupplying * terms, 
it is evident that the language we: have adopt - 
ed is both copious: and expreſſive. The firſt 
or loweſt degree of oxygenation in bodies, con- 
verts them into oxyds-3ii4a ſecond degree of ad- 
ditional oxygenation conſtitutes that claſs of 
acids, of which the ſpecific names, drawn from 
their particular baſes, terminate in ous, as the 
nitrous and ſulphurous acids; the third degree 
of oxygenation changes. theſe into that  divifion 
of acids, which are diſtinguiſhed, by the termi- 
nation in ic, as the nitric and ſulphuric acids ; 4 
and, laſtly, we can expreſs a fourth, or higheſt 


degree of oxygenation, by e word o 
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— the name of the acid, 3 al 
ready done with the exypenated muriatic acid. 
We have not confined the term yd to the 
purpoſe of expreſſing the combination of metals 
with-oxygen; but have extended it to fignify 
that firſt degree of oxygenation in all bodies, 
which, without converting them into acids, 
cauſes them to approach to the nature of ſalts. 
Thus, we give the name of ,oxyd upbur to 
that ſoft ſubſtance into which ſulphur is con- 
verted by incipient, or imperfect eombuſtion; 
and we call the yellow matter left by phoſpho- 
rus, aſter combuſtion, by the name of oxyd of 
phoſphorus.” In the ſame manner, nitrous gas, 
which is azot in its firſt degree of oxygenation, 
is the oxyd of v *. We have likewiſe oxyds in 
great numbers from the vegetable and animal 
kingdoms; and I ſhall ſhew, in the ſequel, that 
this new language throws great. N . * 
the operations of art and nature. x | 
We have already obſerved, * A al 
At ene pinion outs . | 
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= * » Mr e "wack on the, term . 75 coats 9 * it 


is ng where elſe adopted i in the new nomenc}ature 3 though, 5 


«Tl have mentioned in a former note, it is more legiti- 
mate than the term nitrous gas; Which laſt he has retain- 

ed, both becauſe it has long been employed, and chiefly | 
3 a8 a familiar term in chemiſtry, it conveys no 
ideas contradictory to the 9 22 the ſubſtance 3 it is 
n expreſs.— T. 84 
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nent colours. Theſe vary not only in the dif- 
ferent ſpecies of metals, but even according to 
the various degrees of oxygenation in the fame 
metal. Hence we are under the neceflity of 
adding two epithets to each oxyd, one of which 
indicates the metal oxydated *, while the other 
ind e peculiar colour of the oxyd. 
Thus, we haye the black oxyd of iron, the. red 
oxyd of iron) and the yellow oxyd of iron; 
which expreſſions reſpectively anſwer to the old 
unmeaning terms of martial ethiops, colcothar, 
and ruſt of iron, or ochre. We have likewiſe 
the grey, yellow, and red oxyds of lead, which 
anſwer to the equally falſe or inſignificant old 
terms, 1 aſhes of lead, maſſicot, and mi- 

nium. : : 
| Theſe denominations ſometimes become ra- 
ther long, eſpecially when we mean to indi- 
cate whether the metal has been oxydated in 
the air, by detonation with nitre, or by means 
of acids; : but then they always convey Juſt 
, 1 55 * | 5 and 


* Here we ſee the _ wind . into the verb 
to oxydate, oxydated, oxydating, after the ſame manner 


with the derivation of the verb to oxygenate, oxygenated, N 


orxygenating, from the word oxygen. I am not clear of the 

abſolute neceſſit y of this ſecond verb here firft introduced, 
but think that, in a work of this nature, it is the duty 
of the tranſlator to neglect every other conſideration for the 
fake of ſtrict fidelity to the ideas of bis author. T. N 
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and accurate ideas of the correſponding objects 
which we wiſh to expreſs by their uſe. All this 
will be rendered perfectly clear and diſtinct by 


means of _ tables W are OE to this | 
Work” | 1 8 1 ne 8 
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07 the Radical Principle of es” and of ts 
aa by Oro and Iron. 


NTIL very lately, water wan always "I 

thought a ſimple ſubſtance ; inſomuch 
that the older chemiſts conſidered it as an ele- 
ment. Such it undoubtedly was to them, as 
they were unable to decompoſe it ; or, at leaſt, 
fince the decompoſition which took place daily 
before their eyes, was entirely unnoticed. But 
we mean to prove, that water is by no means a 
fimple or elementary ſubſtance. I ſhall not 
here pretend to give the hiſtory of this recent, 
and hitherto conteſted diſcovery, which is de- 
tailed in the Memoirs of the Academy for 1781, 
but ſhall only bring forward the principal 
proofs of the decompoſition, and compoſition of 
water; and I may venture to ſay, that theſe will 
be convineing to ſuch as D . _—_ 
| ON” nie, 11 WEEN 


| Experiment Fi, 51 


| Mar fixed the glaſs tube EF. Plate VIL 
Fi Ig TX of from 8 to 12 lines diameter, acroſs a 
: 5 furnace, 


/ 


furnace, with a ſmall inclination from E to F;. 
lute the ſuperior extremity E to the glaſs retort 
A, containing a determinate quantity of diftil- 
led water; and to the ſuperior extremity F, lute 
the worm SS, fixed into the neck of the doubly 
tubulated bottle H; which laſt has the bent tube 


KK adapted to, one of its openings, in ſuch a 


manner as to convey ſuch aeriform fluids or 
gaſſes as may be diſengaged, during the ex peri- 
ment, into a proper apparatus for een 
their quantity and nature. | 

Do render the ſucceſs of this inen cer· 
aſi it is neceſſary that the tube EF be made 
of well annealed and difficultly fuſible glaſs, and 
that it be coated over with a lute compoſed of 
clay mixed with powdered ftone-ware; beſides 
which, it muſt be ſupported about its middle by 
means of an iron bar paſſed through the furnace, 
leſt it ſhould ſoften and bend during the expe- 
ximent. A tube of China-ware or porcellain, 
would anſwer better than one of glaſs for this 
experiment, were it not difficult to procure one 
ſo entirely free from Poxes as to PRO the paſ- 
; ſage of the air or vapours. 

When things are thus arranged, a fire is light- | 
ed in the furnace EFCD; which is ſupported of 
ſuch a ſtrength as to keep the tube EF red hot, 
but not to make it melt; and, at the ſame time, 
ſueh a fre is kept up in the furnace VVX X, as 
33 | / | ta. 
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to keep the water in the retort A continually 
boiling. 
In proportion as the water, in KY retort A, 
is is evaporated, it fills the tube EF, and drives out 
the air contained through the tube KK; the 
aqueous gas formed by evaporation is condenſed 
by cooling in the worm 88, and falls, drop by 
drop, into the tubulated bottle H. Having con- 
tinued this operation until all the water be eva - 
porated from the retort, and zhaving carefully 
emptied all the veſſels employed, we find that a 
quantity of water has paſſed over into the bottle 
H, exactly equal to what was before contained 
in the retort A, without any diſengagement of 
gas whatſoever ; So that this experiment turns 
out to be a ſimple diſtillation ; and the reſult 
would have been A revs fame, if the water 
had been run from one veſſel into the other, 
without having undergone the intermediate i in- 
candeſcence, by paſſing n the red bot . 


. 


O aber Seoqnd. 
The apparatus being diſpoſed, as in the for- 


mer experiment; 28 grs. of charcoal, broken in- 
to moderately ſmall parts, and which has previ- 
ouſly been expoſed for a long time to a red 
heat? in cloſe FE; are introduced into the tube 
EF: 
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EF: "Every thing elſe is managed exactly as in 
the preceding experiment. 
The water, contained in the retort "Ro is diſtil- 
led, as in the former experiment, and, being 
condenſed in the worm 88, falls into the bottle 
H; but, at the ſame time, a conſiderable quan- 


tity of gas is diſengaged, which, eſcaping by the | 


tube KK, is received in a convenient apparatus 
for that purpoſe. After the operation is finiſh. 
ed, we find nothing but a few atoms of aſhes re- 


„ maining in the tube EF; the 70 grs. of charcoal | 


waving entirely diſappeared. - | 

When the diſengaged gaſſes are carefully exa- 
mined, they are found to weigh 113.7. gre. & 3 
theſe are of two kinds, viz. 144 cubical inches 
of carbonic acid gas, weighing 100 grs. and 380 
cubical inches of a very light gas, weighing 
only 13.7 grs.; this latter gas takes fire, when 
in contact with air, by the approach of a light- 
ed body; and when the water which has paſ- 
ſed over into the bottle H is carefully examined, 
it is found to have loſt 85.7 grs. of its weight. 
Hence, in this experiment, 85.7 grs. of water, 
joined to 28 grs. of charcoal, have combined 
in ſuch a way as to form 100 gre. of carbonic | 
| CE e | acid, 


Sar ans of this „ 
cular account of the proceſſes neceſſary for ſeparating the 
different kinds of gaſſes, and for determining their quan- 
fities, and the particular natures of each.—T. 
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acid, and 13.7 grs. of a particular gas capable 
of being burnt. 

I have already ſhewn, that 100 grs. of carbo- 
nic acid gas conſiſt of 72 grs. of oxygen, com- 
bined with 28 grs. of carbon; hence the 28 grs. 
of charcoal placed i in the * tube have acqui- 
red 72 grs. of oxygen from the water; and it 
follows, that $5.7 grs. of water are Seel | 
of 72 gra. of oxygen, combined with 13.7 grs. 
of a gas ſuſceptible of combuſtion. We ſhall 
ſee preſently that this gas cannot poſſibly have 
been diſengaged from the charcoal, and muſt 
Ferrer er bave been * from the wa- 
ter. 

1 have uppreſſed 1 "IR circumſtances in the 
above account of this experiment, which would 
only have rendered it complicated, and made 
its reſults obſcure to the reader. For inſtance, 
the inflammable gas diſſolves a very ſmall part 
of the carbon, by which means its own weight 
is ſomewhat augmented, and that of the car- 
bonic gas is . proportionally diminiſhed. Al- 
though the alteration produced by this cir- 
cumſtance is very inconfiderable, yet I have 
thought it neceſſary to determine its effects hy 
a rigid calculation, and to report, as above, the 
reſults of the experiment in its ſimplified ftate, 
as if this circumſtance had not happened. At 
any rate, ſhould any doubts remain reſpecting | 
the conſequences I have drawn from this experi- 

ment, 
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ment, they will be fully diffipated by the follow- 
ing experiments, which I am going to adduoe 
in come of N n, HS 


kae Third. 


The DINER heing dilpoled: is as in 
the former experiment, with this difference, 
that inſtead of the 28 gr. of charcoal, the tube 
EF is filled with 274 grs. of ſoft iron, in thin 
plates, rolled up ſpirally. The tube is made 
- red hot by means of its furnaee, and the water, 
in the retort A, is kept conſtantly boiling till 
it be all evaporated, and has paſſed ee the 
tube E F, to be condenſed in the bottle H. 

No carbonic acid is diſengaged in this * 
periment; inſtead of which we obtain 416 cu- 
bical inches, or 15 grs.. of inflammable gas, 
thirteen times lighter “ than atmoſpheric air, 
By examining the water which has been diſtil. 
led, it is found to have loſt 100 Frs. and the 
274 grs. of iron canfined in the tube are found 
to have . s Ert. e N and 

e 


C „ This Ic conceive to A a very improper e * 
underſtand the meaning of one ſubſtance being thirteen 
times heavier than another, but I do not underſtand how 
one cati be thirteen times lighter. One thirteenth of the 
weight of the heavier would be the proper expreſſion for 

implying the comparative gra vity of the lighter body. T. 
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its magnitude is conſiderably augmented. The 
iron is now hardly attractable by the magnet; it 
diſſolves in acids without efferveſeence; in ſhort, 
it is converted into a black oxyd, preciſely ſimi- 
lar to that cee wy the n. of iron 
in oxygen gas. | e 
In this ee e we a a wine Jo 
of iron by means of water; exactly fimilar to 
that produced in air by the aſſiſtance of heat. 
One hundred grains of water having been de- 
compoſed, 85 grs.; of oxygen have combined 
with the iron, ſo as to convert it into the ſtate 
of black oxyd, and 15 grs. of a peculiar inflam- 
mable gas are diſengaged: From all this it 
clearly follows, that water is compoſed of ox y 
gen combined with the baſe of an inflammable 
gas, in the reſpective proportions of 85 parts, 
by weight of the former, to 15 1 of the lat- 
ter. e | 
Thus water, belides' is oxygen, which is 
one of its elements. as it is of many other ſub- 
ſtances, contains. another: element as its con- 
ſtituent baſe or radical, and for this proper 
| principle or element we muſt find an ap- 
propriate term. None that we could think 
of ſeemed better mietet than the word y- 
drogen, which ſignifies the - generative Prin- 
wi of 1 water, ; from COP 1 7575 and e gig- 
nor. 


\ * * 
5 
” f * 


þ 
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nor x. We call the combination of this element 
with caloric Hydrogen gas; and the term hydro- 
gen er the * of, n Se or the radi- 
cal of water. 712 
This experiment furniſhes 1 us 1 8 a 3 
dib body, or, in other words, a body 
which has ſo much affinity with oxygen as to 
dra it from its connection with oaloric, and to 
decompoſe oxygen gas. This combuſtible body 
has itfelf ſo great an affinity with caloric, that, 
Anleſs when engaged in a combination with ſome 
other body, it always ſubſiſts in the aëriform 
or gaſſeous ſtate, in the uſual temperature and 
preſſure of our atmoſphere. In this ſtate of gas 


it is ee or * nen of an equal bulk of 
Fe! | "ANTI 


: „This PRIN Wd has Rn. very ſeverely cri- 
ticiſed by ſome, who pretend that it ſignifies engendered 
by water, and not that which engenders water. I am not 

5 Grecian enough to ſettle the grammatical diſpute, but the 
. "experiments related in this chapter prove, that, when 
. _ _ water is decompoſed, hydrogen is produced, and that, 
_ = when hydrogen is combined with oxygen, water is produ- 
oed ; hence we may ſay, with equal truth, that water is 
produced from Hydrogen or h e is en from 
water, —T. | | | | 


I In a former note, it is e that this en ap- 
pears to be the baſe of muriatic acid, and that, if the difco- 
very be authentic, it might more properly be named mu- 
rigen; in this caſe what the older chemiſts named inflam- 
mable air, will become, in the new nomenclature, muriogen 
gas, and water will become a real oxyd of muriogen.— T. 
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atmoſpheric air; it is not abſorbed by water, 
though it is capable of holding a ſmall quantity 
of that fluid in ſolution ; and it is incapable-of 
being uſed for reſpiration, without ane, in- 
ſtant death, 

As the get of ln, kick hs 90 
poſſeſſes in common with all other combuſtible 
bodies, is merely the power of decompoſing 
air, and carrying off its oxygen from the calo- 
ric with which it is combined, it is eaſily under- 
ſtood that it cannot burn, unleſs in contact wit 
air or oxygen gas. Hence, when we ſet fire to 
a bottle full of this gas, it burns gently, firſt at 
the neck of the bottle, and then in the inſide of 
it, in proportion as the external air gets in: 
This combuſtion is ſlow and fueceſſive, and on- 
ly takes place at the ſurface of contact between 
the two gaſſes. It is quite different when the 
two gaſſes are mixed before they are ſet on fire ; 
If, for inſtance, after having. introduced one 
| part of oxygen gas into a narrow - mouthed 
bottle, we fill it up with two parts of hydrogen 
gas, and bring a lighted taper, or other burn- 
ing body, to the mouth of the bottle, the com- 
buſtion of the two gaſſes takes place inſtanta- 
neouſly with a violent exploſion. This experi- 
ment ought only to be made in a bottle of very 
ſtrong green glaſs, holding not more than a | 
pint, and ſtrongly wrapped round with twine, 
| otherwiſe the: operator will be, expoſed. to great 

danger 
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danger from tlie rupture of the bottle, of which 
the eme 85 1 ee about wn On 
IRE all r PRs mn olive: PEO? — 
ing the decompoſition of water, be exactly con- 
formable to truth if, as I have endeavoured 


to prove, that ſubſtance be really compoſed of 


hydrogen, as its proper conſtituent element, 
combined with oxygen, it ought to follow, that 
by reuniting theſe two elements together, we 
ſhould recoinpoſe water; and that this actual- 

ly happens, may be ee off oF the A 
een 15 | 


kee F curth.” 


1 tbr a ange cryſtal balloon, A; pr IV. Fig!s 8. 

holding about 30 pints, having a large opening, 

to which was cemented the plate of copper 

B G, pierced with four holes, in which four 

tubes terminate. The firſt tube, H h, is in- 
tended to be adapted to an air-pump, by which 

the balloon may be exhauſted of its air. The 
ſecond tube gg, communicates, by its extremi- 


| : tf MM, with a reſervoir. of oxygen gas, fr om | 


which the balloon is to be filled. The third 
tube d D d', communicates, by its extremity 
d NN, with a reſervoir of hydrogen gas. The 
extremity d' of this tube terminates in a ca- 
pillary opening, through which the hydrogen 
12 5 | gas 
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gas contained in the reſervoir. is forced, with a 
moderate degree of quickneſs, by the preſſure 
of one or two inches of water. The fourth 
tube contains a metallic wire GL, having a knob. 
at its extremity L, intended for giving an elee- 
trical ſpark from L to d', on purpoſe to ſet fire 
to the hydrogen gas: This wire is moveable in 
the tube, that we may be able to. ſeparate the 
knob L from the extremity d of the tube D d'. 
The three tubes d D d 88. anc Hh, are all pro: 
vided with ſtop- coks. | 
That the hydrogen gas _ oxygens: pk may 
7 be as much as poſſible deprived of water, they 
are made to paſs, in their way to the balloon A, 
through the tubes MM, NN, of about an inch 
diameter, and theſe are filled with ſalts, which, 
from their deliqueſcent nature, greedily attract 
the moiſture of the air: Such are the acetite 
of potaſh, and the , muriat or nitrat of lime *. 
Theſe ſalts muſt only be reduced to a coarſe | 
powder, leſt they run into lumps, and. prevent 
the gaſſes En enn through. their, EL | 
| ſtices. 8. 'r8 
We met 6 rides 0 hand ith a a 
| ſuſfcieat e « e 885, en ge 
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rified from all admixture of carbonic acid, by 
long contact with a ſolution of potaſh *.'. _ 
We muſt likewiſe have a quantity of hydro- 
gen gas, equal to twice the bulk of tlie oxygen 
gas; and contained: in a ſeparate reſervoir: this 
muſt be carefully purified in the ſame manner by 
long contact with a ſolution of potaſh in water. 
The beſt way to obtain this gas free from mix- 
ture is, by decompoſing water with pure mo 
iron, as directed in Exp. 3. of this chapter. 
Having adjuſted every thing properly, as's a- 
bove directed, the tube H h is adapted to an air- 
pump, and the ballon A is exhauſted of its air. 
We next admit the oxygen gas, ſo as to fill the 
balloon; and then, by means of preſſure, as is 
| before mentioned, force 4 "ſmall eke, of” wy 
; weng ſet e by an Wen, ark; | 
By means of the above-deſcribed apparatus, we 
can continue the mutual combuſtion of theſe 
two gaſſes for a long time; as we have the 
power of ſupplying them, to the ballon, from 
their reſervoirs, in -Progarnien as they are con- 
4 $44 i, L; kat: 5 Wi, 45 ga... DaDitgte 9 a ſumed. 
M 1 0 9 4 MINS {4 243 43129 RD, nine! 
By potaſh. i is here meant, pure or cauſtic vegetable al- 
8 Kali, depri ved of carbonic acid by means of quick-lime. 


In general, we may obſer ve here, that all the alkalies and 


earths muſt invariably be conſidered as in their pure or 
cCauſtic ſtate, unleſs otherwiſe expreſied,—T. The me- 
© thod of obtaining this pure alkali of FI" will be given 
in the * | 
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ſumed. I nere 4 in another place * given a mi- 
nute deſcription of the apparatus uſed in this ex- 
periment, and have explained the manner of aſ- 
certaining the quantities of the gaſſes conſumed 
with the moſt ſerupulous exactitude. ys 
In proportion to the advancement of the 
combuſtion, there is a depoſition of water upon 
the inner ſurface of the balloon or matraſs A: 
The water Sradually increaſes in quantity, and; 
gatheritig” into large drops, runs down to the 
bottom of the veſſel. It is eaſy to aſcertain 
the quantity of water collected, by weighing 
the ballbon both before and after the experi- 
ment. Thus we have a twofold” verification 
of " otir experiment, by aſcertaining both the 
quantities of the paſſes employed, and of the 
water formed by their combuſtion: Theſe two 


. quantities muſt be equal to each other. By 


an opetation of this kind, Mr Meuſtier and 1 
aſtertained that it required 95 parts by weight, : 
of okygen, united to 15 parts of hydrogen, 8 
compoſe one Hundret Parts of water. This ex- | 

periment, which has not hitherto been publiſh- 
ed, was made in [preſence of a' numerous com- 
mittee from the Academy of Sciences. We ex- 
erted, on that occaſion, the moſt - ſerupulous at: 


tentton to accuracy; ; and have reaſoff to bes. 
| K 2 Vo EY "© lieve 


55 ® * See the third, part oh this Na 
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lieve that the above proportions. cannot vary 4 
two hundredth part from abſolute truth. | 
From theſe: experiments, both analytical and 
ſynthetic, we may now affirm that we have aſ- 
certained, with as much certainty as is poſlible 
in phyſical or chemical ſubjects, that water is 
not a ſimple elementary ſubſtance, but is compo- 
ſed of two elements, oxygen and hydrogen; 
which elements, when exiſting ſeparately, have 
ſo ſtrong an affinity for caloric, as only to ſubſiſt 
under the form of gas in the common e N 
ture and preſſure of our atmoſphere. i 
This deeompoſition and recompoſition of wa- 
ter i is perpetually operating before our eyes, in 
the temperature of the atmoſphere, by means 
of compound elective attractions. We ſhall pre- 
ſently ſee that the phenomena attendant upon 
vinous fermentation, putrefaction, and even ve- 
getation, are produced, at leaſt in a certain de- 
gree, by the decompoſition of water. It is very 
extraordinary that this fact ſhould, have hitherto 
been overlooked. by natural. philoſophers, and 
chemiſts. . Indeed, it, ſtrongly proves, that, in 
* 
chemiſtry, as in natural philoſophy, it is ex- 
tremely difficult to overcome prejudices imbibed 
in early education, and to ſearch for truth in 
any other road than the one we have deen ac- 
cuſtomed to follow. | 
I ſhall finiſh this chapter with an account of 
an experiment, much leſs demonſtrative indeed 
| than 


{ 
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than thoſe already related, but which has appear- 
ed to make more impreſſion than any other upon 
the minds of many. When 16 ounces of alko- 
hol are burnt in an apparatus“ properly adapted 
for collecting all the water diſengaged during 
the combuſtion, we obtain from 17 to 18 ounces 
of water. As no ſubſtance can furniſh a pro- 
duct larger than its original bulk, it is evident 
that ſomething muſt have united with the. alko- 
hol during its combuſtion; and I have already 
ſhewn that this muſt be Oxygen. Thus alko- 
hol contains hydrogen, whieh is one of the ele- 
ments of water; and the atmoſpherie air con- 
tains oxygen, which i is the other element neceſ- 
ſary to the compoſition of water f. This expe- 
riment is a new proof that water is a 77 
ſubſtance, e . | 


>. 
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ba See an ebe of this apparatus in the third bent of 
this work, — A. 


+ A large quantity of 3 acid gas is likewiſe diſ- 
engaged during the combuſtion of alkohol; this s proceeds 
from the combination of carbon, contained along with hy- 
drogen i in the compoſition of the alkohol, with oxygen 

during the combuſtion. This latter circumſtance i is exe 
plained at large in the after parts of this work, —T. 5 
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are tbe Vfl, of - Caloric 1 daring if. 
. Wee of Compaſs. ELIF þ 
1 * heem leet +1 bogs” that ak 
equal quantities of different bodies are burnt 
| in 1 the centre of a hollow ſphere of ice, and are 
ſupplied with air at the temperature of 320 7 
the quantities of i ice melted from the inſide of 
the ſphere, become meaſures. of the relative 
quantities of caloric diſengaged during the ſe- 
veral combuſtions. Mr de la Place and I have 
given a deſcription, of the apparatus employed 
for this kind of experiment, in the Memoirs of 
the Academy for 1780, p. 355; and a deſcrip- 
tion and plate of the ſame apparatus will be 
found in the third part of this work. With this 
apparatus, phoſphorus, charcoal, and hydrogen 
7 Bas. gave the following rẽſults. | 
One pound of phoſpliqrus melted. 100, 0 


of; ice. n 
. ore 


2 — 4 - * * — . * 
41144 FEE! een z &y . 31 140 Te 3 F 7 8 4 42 
x1 
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ALT * in this chapter, are egiven in pounds 
Ounces, Bros and! grains; 3, "but 25 the ſubject i 1s curious and 
intereſung, they are here reduced to decimals of the pound, 
by which they become ecnally uſeful to the "Britiſh as ta 


the French reader. T. 


% 
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One pound of charcoal melted 96. 5 libs. 

One Pound o of hydrogen gas melted 295.5895 
libs. e 

As a concrete nod 18 a hs the combul- 
1 of phoſphorus, it is probable that very little 
caloric remains in the acid; 3 and, conſequently, 
that the above experiment gives us very nearly 
the whole quantity of caloric contained in the 
oxygen gas. Even if we ſuppoſe the phoſphoric 
acid to contain a good deal of caloric, yet, as 
the phoſphorus muſt have contained nearly an 
_ equal quantity before combuſtion, the error muſt i 
be very, ſmall, as it will only conſiſt of the dif- 
ference between what was contained in the 
phoſphorus before, and in the Wee acid 
after combuſtion... . 

I have already. ſhown, in. ep V. that one 
W of phoſphorus abſorbs one pound eight 
ounces. of, oxygen during combuſtion; and, fince 
by the ſame operation, 100 libs. of! ice are melt- 
ed, it follows, that the quantity of caloric con- 
tained in one pound of oxygen gas is capable of 
melting 66.6667 labs. of iene- 10 1. | 

One pound of charcoal during 3 
mais: only 96. 5; libs., of ice, while it abſorbs 
2.5714 libs. of oxygen. By the experiment 
with phoſphorus, this quantity of oxygen gas 
ought to diſengage a quantity of caloric ſuffi- 
cient to melt 171. 414 Hihs. of ice; conſequent- 
I. WE this experiment a quantity of caloric 
K 4 1 fofficient 
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ſufficient to melt 74-914 libs. of ice diſappears, 
| Carbonic acid is not, like phoſphoric acid, in a 
- concrete ſtate, after combuſtion, but in the ſtate 
of gas, and requires to he united with caloric to 

enable it to ſubſiſt in that ſtate ; and the quan- 
tity of caloric which is miſbiag i in the laſt expe- 
riment is evidently employed for that purpoſe. 
When we divide that quantity by the weight 
of carbonic acid, formed by the combuſtion. of 
one pound of charcoal, we find that the quan- 
tity of caloric, neceſſary for changing one pound 
of carbonic acid from the concrete to the gaſſeous 
ſtate, would be pong of OY 20 1 Wen 
ol ice. | 

We may make a fimilar calculation with the 
combuſtion of hydrogen gas and the conſequent 
formation of water : During the combuſtion of 
one pound of hydrogen gas, 5.66697 libs."of oxy- 
gen gas are abſorbed, and 295.5895 libs.” of ice 
are melted. But 5. 6667 libr. of oxygen gas, 
in changing from the atriform to the ſolid ſtate; 

loſe, according to the experiment with phoſpo- 
- Tus, enough of caloric to have melted 377.7534 

libs. of ice. There is only diſengaged, from the 
fame quantity of oxygen, during its combuſ- 

tion with nydrogen gas, as much caloric as melts 
293•1 523 libs.'; wherefore there remains in the 
water at 329, which is formed, during this ex- 
periment, as much FRroree as would melt 82. 62K 
Wy of 1 wer” 


Hence, 


I 


* 
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Hence, as 6.6667 libs. of water are formed, 
from the eombuſtion of one pound of hydrogen 
gas, with 5. 6667 libs. of oxygen; it follows 
that, in each pound of water, at the tempera- 
ture of 32, there exiſts as much caloric as 
would melt 12.2708 /ibs. of ice; without taking 
into account the quantity originally contained 
in the hydrogen gas, which we have been ob- 
liged to omit, for want of data to calculate its 
quantity. EL rom this it appears that water, 
even in the ſtate of 1 ice, contains a confider- | 

| able 


From the general principles of theinewichemical hi- 
loſophy, hydrogen gas ought to contain a much larger 
quantity of caloric for giving it the gaſſeous ſtate than 
oxygen gas. Being thirteen times as rare, it may be ſup- 
poſed to contain thirteeen times as much caloric. Hence, 
if all the calorig of the two galles were diſengaged during 
their combuſtian, and the conſequent formation of water, 
1244.4167 0ibs. of i ice ſhould have been melted ; but only 
295,1522 libs. are melted, and therefore, on this ſuppoſi- 
tion, the remaining caloric in 6. 6667 56s. of water would 
be able to melt 94.92643 lib, of ice; or each pound of 
water at the temperature of 329, ſhould contain as much 
- caloric as is ſuffigient to melt; 142 /ibs. of ice nearly, which 
is abſurd ; for one pound of water, at 33% muſt cantain 
preciſe]y as much caloric as is neceflary to melt one pound 
of ice. This ſhews the fallacy of all reaſonings drawn 
from the ſuppoſable quantities of caloric in bodies; and 
that we are hitherto very far from poſſeſſing any accurate 
knowledge of that part of chemiſtry i in which calorie © ix 
concerned, 1. 


oy 
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able quantity of caloric, and that oxygen, in en- 
tering into the neden rein, nut a 
good proportion. 5 
From theſe experiments, we may 1 an 
following reſults as Jullcjontly: eſtabliſhed. 


om. Combuſtion of Phoſphorus. : 


n 
1 


From the combuſtion of phoſphorus, : as related | 

in the foregoing experiments, it appears, that one 

pound of phoſphorus requires 1.5 lib. of oxygen 

gas for its combuſtion; and. that 2.5 libs, of 

concrete phoſphoric acid are produced. 

The quantity of caloric diſengaged by 

the combuſtion of one pound of 

. I PEI e ESO by the num- oy je 
ber of pounds of ice Be ants du- e 

55 "Ting that operation, is p113G 190.6 2 25 

The quantity Uiſchgaged from each meg 

„pound of oxygen, during the com- 


4 buſtion of phoſphorus, Wat in 


aathe ſame, manner, is Han 5911 5866987 
The quantity diſengaged during bg EY Et 
0 formation of ane Leonel a d Side 90 
'2:phoric aeid, is 49:00000 
The, quantityremaining inench pound | 
f 22. of ph6ſphotic acid, is 228 a; 1 9 5 1 
5 "| DA orgs 1 8 . Foy N ; 257 Combuſtion 


ba 4 We Bard ſuppoſe the phoſphoric acid not to contain 
| any caloric, which i is not her true; but, as 1 have before 
NA R obſerved, 


7 $1439.28: 


= 
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Contaſtion 15 Charcoal, 10 
1 101 

In the combuſtion of one Jab 3 o& charcoal, 
2.5714 libs. of Oxygen. gas are, abſorbed, -and 
3-5714 libs. of _carbonic acid | gas are mot 
Hence the rene arti ae lik 5 1 
Caloric diſengaged PR the com- 817 

buſtion of one pound of charcoal, 96. 00 
Caloric diſengaged during the com 
buſtion of. charcoal, from each 8 
pound of oxygen gas abſorbed, 37.52823 
Caloric diſengaged during the ae IEEE 

tion of one pound of carbonic acid 

gas, F 02024 
Caloric Nine by each pound of | 
oxygen after combuſtion, + 39-1 3844 
| Calorie neceſlary for ſupporting: one 1 


pound of i acid in 51 Ake 3 
ps B H. bSviovs” :! aH 1147 299796 
"I ; "dla of CO" Gas, e 


| "IO xD. Idi 

” lo ths combuſtion « of one pound of hydrogen 

gas, 5.06067 lib. of oxygen . are abſorbed, 
and 


9 We Quantlty' it "realty contains is probably very 
ſmall, and w we tive not \given it 3. anne, f. for want of ſuf- 


best Aus to 65 upon.— A. N 


11391117 3c Tart? f qq 3782 on t — = 

+« All ut relative he af caloric are; — 
by the number of pounds of Rt Is 
ed during the ſeveral operations. T. 
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and 6, 6667 libs. of water are formed: Hees | 
the x 
Caloric diſengaged from each 15. of 


hydrogen gas,, - © 2 58950 
Caloric diſengaged. from each FY 8 | 

oxygen gas = - "$2.x6380 
Caloric diſengaged during the forme 

tion of each pound of water, 44.3 3840 


Caloric retained by each lib. of Oxy- 
gen after combuſtion with hydro- by 


%%% 1386 
Caloric retained 175 each lib. of 1 75 il 9 
ter, at the das 2m er ae a” 12. 32823 


of the Fo ormation E Nitric Arid. 


When nitrous gas is cotbbiued with: oxygen 
gas, ſo as to form nitric or nitrous acid, a de- 
gree of heat is produced, which is much leſs 

onſiderable than what is evolved during the 

other combinations of orygen ; whence it fol- 
lows, that oxygen, when it becomes fixed in 
nitric seid. r * 2285 Ie the heat 
CS, 10¹ . wa | 33.410 7000 which Sl 


3 We are no where, told upon what Be Mr Lavcifier | 
| proceeds. far aſcertaining! the quantity of caloric, diſen gaged 
dnring the combuſtion of each pound of f hydrogen gas. In 
a former note I have ſuppoſed that it might be thirteen 
times as much as that of Se W 628-3 885 


inſtead of the above 6 


Tre, n0i125299 Lv 40. 


Sf 1 wa 
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which it poſſeſſed in the ſtate of gas. It is cer- 
tainly poſſible to determine the quantity of calo- 
ric which is diſengaged during the combination 
of theſe two gaſſes, and conſequently to deter- 
mine what quantity remains after the combina- 
tion takes place. The firſt of theſe quantities 
might be aſcertained, by making the combination 
of the two gaſſes in an apparatus ſurrounded by 
ice; but, as the quantity of caloric diſengaged 
is very inconſiderable, it would be neceſſary to 
operate upon a large quantity of the two gaſſes, 
and in a very troubleſome and complicated appa- 
ratus. By this conſideration, Mr de la Place and 
T have hitherto been prevented from making the 
attempt. In the mean time, the place of ſuch 
an experiment may be ſupplied by calculations, 
the reſults of which cannot be: 17755 far from 
| truth. | * 

Mr de la Place and I wt a convenient 
-quantity of nitre and charcoal in an ice appara- 
tus, and found that twelve pounds of ice were 
melted by the deflagration of one pound of nitre. 
We ſhall ſee, in the ſequel, . that one Joey of 
| nitre is CORINNE) as under, of 


. Potaſh 7 02. 6 gros 51. 84 Cre. 245 15.84 Fri. 
oy acid $ 1 „ AG 16 en . 


The above : quantity « of On, 550 18 compoſed 
an,” 


a Oxygen 
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oxygen 6 o. 3 = 66.34 gr 3738.34 45 
* = 8 31 3.82 SM gorBE's! 


nib 5 

2D this we find that, during the gbove 8 
een 145 grs. of carbon * have ſuffered 
combuſtion, alorig, with 3738.34 Cre, or 6 0. 3 
grun 6. 34 gre. of oxygen. Hence, ſince 12 libs. 
of icewere- melted-during: the combuſtion, it. fol- 
lows, that one pound of oxygen, burnt in the 
ſame manner would have melted: 29.5832.libs. 
of ice, To which if we add the quantity of 
caloric retained. by a pound of oxygen, after 
combining with carbon to form . carbonic acid 
gas, which was already aſcertained to be capable 
of melting 29. 13844 libs. of ice, we ſhall have 
for the total quantity of calorie remaining in a 
pound of oxygen, when combined with nitrous 
gas in the nitric acid, 58.72164 ; which is the 
number of pounds of ice the calorie remaining in 
the oxygen in that ftate is capable of melting. 
We have before ſeen that, in the ſtate of ox y- 
gen gas, it contained at leaſt 66. 66667; where- 
fore it follows that, in combining with azot to 


form nitric acid, it only loſes 7.94502. Farther 
NOI | 


is e , 248 T5 4 


— 


bei | 8: Die IC 
- * From this it appears, that the proportions uſed by 
Mr Lavoiſier were 1 lib: or 9216 grs. of nitre to 2 pros 
I+ g7s. or 145.34 gr. of charcoal, though he has not 
choſen to mention it in direct terms.— T. 
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experiments upon this ſubject are neceſſary to 
aſcertain how far the reſults of this calculation 
may agree with direct fact. This enormous 
quantity of caloric, retained by oxygen in its 
combination into nitric acid, explains the cauſe 
of the great diſengagement of caloric during the 
deflagrations of nitre; or, more ſtrictly ſpeak- 
ing, upon all occaſions of the decompoſition of 
nitric acid. | 


of the Conbuſten of Was: 


Having AR Eren! 88 of per com- 
buſtion, I mean now to give a few examples of 
a more complex nature. One pound of wax - ta- 
per being allowed to burn flowly in an ice ap- 
paratus, melted 133. 1667 libs. of ice. Accord-: 
ing to my experiments, as given in the Memoirs 
of the Academy for 1784, p. 606, one pound of 
wax-taper conſiſts of o. 8228 libs;:of — and 
Fe of W maani 1009. Ded gie! 


9e TT 10. nung 11 
ol By the tere Wpe- 5 S 0149 e a8 
ments, the above quantity naiogs ie en val 


of carbon ouglit to melt, JW 79. 39390 libs. of ice; 5 
And the hydrogen £4 10. sun 203 ns 


8 8 , Lo -\ FY Ff * yg 4.4% 
11 125 iii nee 
| ſhould melt 84.76 
f | NOS h 3X 64 "EE « Yup 8 > a * 13 
IE 39 T0 an Ie 1 5 


Fo ; 0 Sit I al 37 285 2 


ert . 8 £ P 71 : 
9441 v | E TE 2291 283 * 24 
0 + * 
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Thus, we ſee that the quantity of caloric 
diſengaged from a burning taper, is nearly con- 
formable to what was obtained by. burning ſe- 
parately a quantity of carbon and hydrogen 
equal to what enters into its compoſition. Theſe 

experiments with the taper were ſeveral times 

repeated, ant _ I 1 wen to e them 
accurate. 1 0 0 $3 416 tt l 


3 Conbtion of ONE. 


We ales a burning 1 containing a 
determinate quantity of olive- oil, in the ordi- 
nary apparatus; and, when the experiment 
was finiſhed, we aſcertained exactly the quan- 
tities of oil conſumed, and of ice melted; the 

reſult was, that, during the combuſtion of one 
pound of olive- oil, 148.8828 libs. of ice were 
melted. By my experiments in the Memoirs 
of the Academy for 1784, and of which the 
following chapter contains an abſtract, it appears 
that one pound of olive-oil conſiſts of 0.7896 
libs. of carbon, and 6.2104 libs. of hydrogen. 
By the foregoing experiments, that quantity 
of carbon ſhould melt 76.1872 libs, of ice, 
and the quantity of hydrogen in a pound of 
the oil ſhould melt 62.1505 3 libr. The ſum, of 
theſe two gives 138. 33776 libs. of ice, which 
the two conſtituent elements of the oil would 
have melted, had they ſeparately ſuffered com- 
| buſtion, 
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buſtion; whereas the oil had really melted - 
148.88330 [ibs. which gives an exceſs of 10.54554 
in the reſult of the experiment, above the cal- 
culated reſult, from gong furniſhed "ne former 
experiments. 

This difference, which is 67 5 no means very 
conſiderable, may ariſe from errors which are 
unavoidable in experiments of this nature, or 
it may be owing to the compoſition of oil not 
being as yet exactly aſcertained: It proves, how- 


5 ever, that there is a great agreement between 


the reſults of our experiments, reſpecting the 
combination of caloric, and thoſe which regard 
its diſengagement. 

The following deſiderata till remain to be 
determined ; viz. What quantity of caloric. is 
retained by oxygen, after combining with me- 
tals to convert them into oxyds ; ; What quanti- 
ty is contained by hydrogen, in its different 
ſtates of exiſtence; and, To aſcertaſn with more 
preciſion than is hitherto attained, how much 
caloric is diſengaged during the formation of 
water, as there ſtill remain conſiderable doubts 
with reſpe& to our preſent determination of this 
point, which can only be removed by farther 
experiments. We are at preſent occupied with 
this inquiry; and, when theſe. ſeveral points 
are well aſcertained, which we hope they will 
toon be, we ſhall probably be under the necel- 
ity of making CRRIn corrections upon 


Wh © moſt 


9 of the reſults of the experiments and cal- 
culations in this chapter. I did not, however, 
confider this as a ſufficient reaſon for with-hold- 
ing ſo much as is already known, from ſuch, as 
may be inclined to labour upon the ſame ſubject. 
It is difficult, in our endeavours to diſcover the 
principles of a new ſcience, to avoid beginning 
by conjecture; ; and it is rarely a to attain 
derten an at the firſt ſetting gut. 
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CHAP, X. 


Of the Combinations of Combuſlible Subſflances 


with each other. 


8 combuſtible ſubſtances in general have 
great affinity for oxygen, they ought 
likewiſe to attract, or tend to combine with, 
each other; Quæ ſunt eadem uni tertio, ſunt ea- 
dem inter ſe ; and the axiom is found to be 
true. Almoſt all the metals, for inſtance, are 
capable of uniting with each other, and of 
forming what are called alloys & in common 
language. Moſt of theſe, like other chemical 
combinations, are ſuſceptible of ſeveral degrees” 
of ſaturation. The greater number of alloys 
are more brittle than the pure metals of which 
they are compoſed, eſpecially when the metals 
alloyed together are conſiderably different in 

3 their 


* This term alloy, which we have from the language 
of the arts, ſerves exceedingly well for diſtinguiſhing 
all the combinations or intimate unions of metals with 
each other, and is adopted in our new nomenclature for 
that purpoſe.— A. 
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their Jegres of fuſibility. To this difference 
in fuſibility, part of the phenomena attendant 
upon alloyage are owing ; particularly that 
property of iron, called by workmen bhot/hort, 
This kind of iron muſt be conſidered as an al- 
loy or mixture of pure iron, which is almoſt in- 
fuſible, with a ſmall portion of ſome other me- 
tal, which fuſes in a much lower degree of heat: 
So long as this alloy remains cold, and both me- 
tals are in a ſolid ſtate, the mixture is mal- 
leable; but when heated to a ſufficient degree 
to liquify the more fuſible metal, the particles 
of this liquid metal, which are interpoſed be- 
tween the particles of the ſolid iron, muſt de- 
ſtroy their continuity, and occaſion the alloy to 
become brittle. The alloys of mercury, with the 
ther metals, have uſually been called amalgams, 
and we ſee no inconvenience from continuing the 
uſe of that term. 

- Sulphur, phoſphorus, . and carbon, readily 
unite with metals. Combinations of ſulphur 
with metals are uſually named pyrite, Their 
combinations with phoſphorus and carbon are 
either not yet named, or have received ne- 
names only of late; wherefore we have not 
ſerupled to change them according to our 
principles. The combinations of metal and 
ſulphur we call /ulphurets,. thoſe with phoſpho- 
rus — and thoſe formed with carbon 

carburets *. 
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carbureti *: Theſe denominations are extend- 
ed to all the combinations into which the above 
three ſubſtances enter, without being previouf- 
ly oxygenated. Thus, the combination of ſul- 
phur with potaſh, or fixed vegetable alkali, is 
called ſulphuret of potaſh 5 that which it forms 
with ammoniac, or volatile alkali, is termed yur 
phuret of ammoniac. 

Hydrogen is likewiſe capable. of 3 
with many combuſtible ſubſtances: In the ſtate 
of gas, it diſſolves carbon, ſulphur, phoſphorus, 

and ſeveral metals; we diſtinguiſh theſe combi- 
nations by the terms carbonated hydrogen gas, 
. ſulþhurated hydrogen gas, and phoſphorated hy. 
drogen gas. The fulphurated hydrogen gas was 
called hepatic air by former chemiſts ; or fœtid 
air from ſulphur, by Mr Scheele ; The virtues 
of ſeveral mineral waters, and the fœtid ſmell 
of animal excrements, chiefly ariſe from'the pre- 
ſence of this gas. The phoſporated hydrogen 
gas is remarkable for the property, diſcovered 


A by 


In the French nomenclature, theſe compounds are 
named ſulphures, phoſphures, and carbures ; but, though 
theſe terms may be ſufficiently diſtinguiſhable from ſouffre, 
phoſphore, and carbone, they are not; eſpecially the two 
firſt, diſtint .enough in Engliſh ; I have therefore cho- 
| ſen to borrow the new Engliſh terms in the text, from 
the Latin edition of the new nomenclature, where they 
are called reſpectivel y 3 ph9ſphorettum, and 
| car hurettum.— T. 
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by Mr Gengembre, of taking fire ſpontaneouſ- 
ly upon getting into contact with atmoſpheric 
air, or, what anſwers better, with oxygen gas: 
This gas has a ſtrong flavour, reſembling that 
of putrid fiſh ; and it is very probable that the 
phoſphoreſcent quality of fiſh, in the ſtate of 
putrefaction, ariſes from the eſcape of this ſpe- 
cies of gas. When hydrogen and carbon are 
combined together, without the intervention 
of caloric to bring the hydrogen into the ſtate 
of gas, they form oil, which is either fixed or 
volatile, according to the proportions of hy- 
drogen and carbon in its compeſition *,' The 
chief difference between fixed or fat oils. drawn 
from vegetables by expreſſion, and volatile or 
eſſential oils, is, that the former contains an ex- 
ceſs of carbon, which is ſeparated when the 
oils are heated above the degree of boiling wa- 
ter; whereas the volatile oils, containing a 
juſt proportion of theſe two conſtituent i ingre- 
dients, are not liable to be decompoſed by that 
heat, but, uniting with caloric into the gaſſeous 
ſtate, paſs over in diſtillation unchanged. | 
In 


We ſhall afterwards ſee, that oil contains oxygen, 
combined with the above-mentioned ingredients, and that 
it 1s a hydro-carbonous or carbono-hydrous oxyd ; hence 

-the difference between the various kinds may in part be 
. owing to their different degrees of oxydation, as well as 
to the propertians of the other ingredients—T. | 
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In the Memoirs of the Academy for 1784, 
p. 593. I gave an account of my experiments 
upon the compoſition of oil and alkohol, by the 
union of hydrogen with carbon, and of their 
combination with oxygen. By theſe experi- 
ments, it appears that fixed oils combine with 
oxygen during combuſtion, and are thereby 
converted into water and earbonie acid. By 
means of ealeulation, applied to the products 
of theſe experiments, we find that fixed oil 
is compoſed of 21 parts, by weight, of hydro- 
gen combined with 79 parts of carbon. Per- 
haps the ſolid ſubſtances of an oily nature, ſuch 
as wax, contain a proportion of oxygen, to 
which they owe their ftate of ſolidity. I am 
at preſent engaged in Aa ſeries of experiments, 
which I hope will throw great light on this ſub- 
It is worthy of beitig examined, whether hy- 
drogen in its conerete ſtate, uncombined with 
calorie, be ſuſceptible of eombination with ſul- 
phur, phoſphorus, and the metals. There is 
nothing that we know of, which, a priori, 
ſhould render theſe combinations impoſlible ; 
for combuſtible bodies being in general ſuſ- 
ceptible of combination with each other, there 
is no evident reaſon for hydrogen being an ex- 
ception to the rule: However, no direct ex- 
-perinjent as yet eftabliſhes either the poſſibi- 
lity or impoſſibility of this union. Iron and 


& oa 155 e 


168 ELEMENTS 


zinc are the moſt likely, of all the metals, for 
entering into combination with hydrogen; but, 
as theſe have the property of decompoſing wa- 
ter, and as it is very difficult to get entirely 
free from moiſture in chemical experiments, 
it is hardly poſſible to determine whether the 
ſmall portions of hydrogen gas, obtained in cer- 
. .tain experiments with theſe metals, were pre- 
_ viouſly combined with the metal in the ſtate 
of ſolid hydrogen, or. if they were produced 
by the decompoſition of a minute quantity 
of water. The more care we take to prevent 
the preſence of water in theſe experiments, 
the leſs is the quantity of hydrogen gas pro- 
cured ; and when very accurate precautions are 
employed, even that quantity becomes hardly _ 
ſenſible. =o | „„ 
However this inquiry may turn out reſpect- 
ing the power of combuſtible bodies, as ſul- 
phur, phoſphorus, and metals, to abſorb hy- 
drogen, we are certain that they only abſorb a 
very ſmall portion; and that this combination, 
inſtead of being eſſential to their conſtitution, 
can only be conſidered as a foreign ſubſtance, 
which contaminates their purity. It is the 
province of the advocates * for this ſyſtem to 
of 4 85 MN prove 


By theſe are meant thoſe ſupporters of the phlogiſtic 
theory, who confider hydrogen, or the baſe of inflam- 
mable air, as the phlogiſton of the celebrated Stahl, —T. 
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prove by deciſive experiments, the real exiſt- 
ence of this combined hydrogen, which they 
have hitherto only done by conjectures founded 
upon ſuppoſitions. 


CHAP. 
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CHAP. XI. 


Obſervations upon Oxyds and Acids with com- 
pound Baſes—and on the, Compoſition of Ani- 
mal and 5 9 


E have, in Chap. V. _ VIII. examined 

the products reſulting from the combuſ- 
tion of the four ſimple combuſtible ſubſtances, 
ſulphur, phoſphorus, carbon, and hydrogen : We 
have ſhewn, in Chap. X. that the ſimple combuſ- 
tible ſubſtances are capable of combining with 

each ether into compound combuſtible ſubſtan- 
ces, and have obſerved that oils in general, and 
particularly the fixed vegetable oils, belong to 
this claſs, being compoſed of hydrogen and car- 
bon. It remains, in this chapter, to treat of the 
oxygenation of theſe compound combuſtible ſub- 
ſtances, and to ſhow that there exiſt acids and 
oxyds having double and triple baſes. Nature 
furniſbes us with numerous examples of this 
kind of combinations, by means of which, chief- 
ly, ſhe is enabled to produce a vaſt variety of 
compounds, from a very limited number of ele- 
ments, or ſimple ſubſtances, 


It 
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It was long ago well known, that, when mu- 
riatic and nitric acids were mixed tagether, a 
compound acid was formed, having properties 
quite diftin& from thoſe of either of the acids 
taken ſeparately, This. acid was called agua 
regia, from its moſt celebrated property of diſ- 
ſolving gold, called king of metals by the alchy- 
miſts. Mr Berthollet has diſtinctly proved, that 
the peculiar properties of this acid ariſe from the 
combined action of its two acidifiable baſes, and, 
for this reaſon, we have judged it neceſſary to 


- - Aiftinguiſh it by an appropriate name; that of 


_ nitro-muriatic acid appears extremely applicable, 
from its expreſſing the nature of the two ſub- 
ſtances which enter into its. compoſition. 

This phenomenon, of a double baſe in one 
acid, which had formerly been obſerved only in 
the nitro-muriatic acid, occurs continually. in 
the vegetable kingdom ; in which a ſimple acid, 
or one poſſeſſed of a ſingle acidifiable baſe, is 
very rarely found. Almoſt all the acids pro- 
curable from this kingdom have baſes com- 
poſed of carbon and hydrogen, or of carbon, 
hydrogen, and phoſphorus, combined with more 
or leſs oxygen. All theſe baſes, whether dou- 
ble or triple, are likewiſe formed inte oxyds, 
having leſs oxygen than is neceſſary to give 
them the properties of acids. The acids and 
oxyds from the animal kingdom are ſtill more 
Aub as their baſes generally conſiſt of a 

combination 
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combination of carbon, | * een 


and azot. 


As it is but of late that I have oduincd any 
clear and diſtin& notions of theſe ſubſtances, I 1 
mall not in this place enlarge much upon the 
ſubject, which I mean to treat of very fully in 
ſome memoirs I am preparing to lay before the 
Academy. Moſt of my experiments are al- 
ready peformed; but, to be able to give exact 
reports of the reſulting quantities, it is neceſſary 
that they be carefully repeated, and increaſed 
in number : Wherefore, I ſhall only give a ſhort 
enumeration of the vegetable and animal acids 
and oxyds, and terminate this article by a few 
reflections upon the P = of en 
1 animal bodies. 
Sugar, mucus, under RS. n we include 
the different kinds of gums, and ſtarch, are ve- 
getable oxyds, having hydrogen and carbon com- 
bined, in different proportions, as their radicals 
or: baſes, and united with oxygen, ſo as to bring 
them to the ſtate of oxyds. From this ſtate of 
oxyds, they are capable of being changed into 
acids, by the addition of a freſh quantity of oxy- 
gen; and, according to the degrees of oxygena- - 
tion, and the proportion of hydrogen and car- 
bon in their baſes, th ey form the ſeveral kinds 
of vegetable acids. , 

It would be eaſy to —__ the pales of 
our nomenclature to give names to theſe yege- 
2 table 
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table acids and oxyds, by uſing the names of 
the two ſubſtances which compoſe their baſes : 
They would thus become hydro-carbonons a- 
cids and oxyds. In this way we might indicate 
which of their elements exiſted in exceſs, with- 
out circumlocution, after the manner uſed by 
Mr Rouelle for naming the vegetable extracts: 
He calls theſe extracto-reſinous, when the ex- 
tractive matter preyails in their compoſition, 
and refino-extraftive, when they contain a 
larger proportion of reſinous matter. Follow- 
ing that plan,. and by varying the terminations 
according to the formerly eſtabliſhed rules of 
our nomenclature, we have the following deno- 
minations: Hydro-carbonous, hydro-carbonic, 
carbono-hydrous, and carbono-hydric, oxyds. 
And, for the acids: Hydro-carbonous, hydro- 
carbonic, oxygenated hydro-carbonic ; carbono- 
hydrous, carbono- hydric, and 19 car- 
bono-hydric. | 
It is probable, that the above terms would 
ſuffice for indicating all the varieties in nature, 
and that, in proportion as the vegetable acids 
become well underſtood, they will naturally 
arrange themſelves under theſe denominations. 
But, though we know the elements of which 
theſe are compoſed, we are as yet ignorant of 
the proportions of theſe ingredients, and are Rill 
far from being able to claſs them in the above 
methodical manner; wherefore, we have de- 


termined 
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termined to retain the old names proviſionally, 
- I am ſomewhat farther advanced in this inqui- 
ry than at the time of publiſhing our conjunct 
eſſay upon chemical nomenclature; yet it would 
be improper to draw decided conſequences from 
. experiments not yet ſufficiently preciſe: Though 
I acknowledge that this part of chemiſtry ſtill 
remains in ſome degree obſcure, I muſt expreſs 

my 3 of its being my len elucida- 
| * am ftill more forcibly 8 to follow 
the ſame plan in naming the acids, which have 
three or four elements combined in their baſes; 
of theſe we have a conſiderable number from 
the animal kingdom, and ſome even from ve- 

getable ſubſtances. Azot, for inſtance, joined 
to hydrogen and carbon, from the baſe or radi- 
cal of the Pruflic acid; we have reaſon to be- 
lieve that the ſame happens with the baſe of 
Gallic acid ; and almoſt all the animal acids 
have their baſes compoſed of azot, phoſphorus, 
hydrogen, and carbon. Were we to endeavour 
to expreſs at once all theſe four component 
parts of the baſes, our nomenclature would un- 
doubtedly be methodical ; it would have the 
property of being clear and determinate; but 
this aſſemblage of Greek and Latin ſubſtantives 
and adjectives, which are not yet univerſally 


KH admitted. by chemiſts, would have the appear- 


ANG « of a barbarous ge difficult both to 
a; | pronounce 
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pronounce and to be. remembered. Beſides, 
this part of chemiſtry being ſtill far from that 
accuracy it muſt foon attain, the perfection of 
the ſcience ought certainly to precede that of 


its language; and we muſt ftill, for ſome 


time, retain the old names for the animal 
oxyds and acids. We have only ventured to 
make a few ſlight modifications of theſe names, 
by changing the termination into our, when we 
have reaſon to ſuppoſe the baſe to be in exceſs, 
and into ic, when we 9 that oxygen pre · 
dominates. 

The following are all the vegetable ankle hi- 

therto known: 


I. Acetous acid. 3838. Pyro-mucous acid. 
2. Acetic acid. 9. Pyro-lignous acid. 
3. Oxalic acid. 10. Gallic acid. 

4. Tartarous acid, . Benzoic acid. 

5. Pyro-tartafous acid. 12. 9 acid. 

6. Citric acid. 1z3z. Succinic acid. 


7. Malie acid. 


Though all theſe acids, as has been ty 
gd, are chiefly, and almoſt entirely compoſed 
of hydrogen, carbon, and oxygen, yet proper- 
ly ſpeaking, they contain neither water, carbo- 
nic acid, nor oil, but only the elements neceſ- 
ſary for forming theſe ſubſtances. The power 
of affinity reciprocally exerted by the hydrogen, 
carbon, and oxygen, in theſe acids, is in a ſtate 

<2 WE 
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of equiliFrium, that is only capable of exiſting 
in the ordinary temperature of the atmoſphere : 
For, when they are heated but a very little a- 
bove the temperature of boiling water, this equi- 
librium is deſtroyed; part of the oxygen and hy- 
drogen unite, and form water; part of the car- 
bon and hydrogen combine into oil; part of the 
carbon and oxygen unite to form carbonic acid; 
and, laſtly, there generally remains a ſmall por- 
tion of carbon, which, being in exceſs with re- 
ſpect to the other ingredients, is left free. I 
mean to explain this ſubject ſomewhat further in 
the ſucceeding chapter. 
| The oxyds of the animal kingdom are hither- 
to leſs known than thoſe from the vegetable king- 
dom, and their number as yet is not at all deter- - 
mined. The red part of the blood, lymph, and 
moſt of the ſecretions, are true oxyds, under 
which point of view it is very important to con- 
| ſider them. We are only acquainted with fix 
animal acids, ſeveral of which, it is probable, ap- 
proach very near each other in their nature, or, 


at lèaſt, differ only in a ſcarcely ſenſible degree. 


1 do not include the phoſphoric acid amongſt 
theſe, becauſe. it is found i in all he ane of 
nature. They are, 


_ Lactic =} oh 4. Formic acid, 


2. Saccho-laQtic acid. 5. Sebacic acid. 
3. Bombic acid. . Frufſie acid. 


The 
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The connection between the conſtituent ele- 
ments of the animal oxyds and acids is not 
more permanent than in thoſe from the vege- 
table kingdom, as a ſmall increaſe of tempera- 


ture is ſufficient to overturn the equilibrium. I 
hope to render this ſubject more diſtin in the 


following chapter than has been done hitherto. 
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CHAP. Al 


Of the 8 of Vi caddy and Animal 


Subſtances by the Action of Fire. 


| what takes place during the decompoſi- 
tion of vegetable ſubſtances by fire, we muſt 
take into confideration the nature of the ele- 
ments which enter into their compoſition, and 
the different affinities which the particles of 
theſe elements exert upon each other, and the 
affinity which caloric poſſeſſes with each of 
them. The true conſtituent elements of vege- 
tables are hydrogen, oxygen, and carbon : 
Theſe are common to all yegetables, and no 
vegetable can exiſt without them. Such other 
ſubſtances as exiſt in particular vegetables are 
only eſſential to the Eompoſition of thoſe in which 
they are found, and do not belong to vegetables 
in general. 
Of theſe 3 hydrogen and oxygen 
have a ſtrong tendency to unite with caloric, 


Bros ORE we can thoroughly e 


and be converted into gas, while carbon is a 
fixed element, having little affinity with calo- 


ric. On the other hand, oxygen, which, in the 


uſual temperature, tends almoſt equally to unite 
with 


| 
{ 
< 
1 
4 
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with hydrogen or with carbon, has a much 


ſtronger affinity with carbon, when at the red 
heat *, and then unites with it to form carbonic 
eil. 

Although we are far from being able to ap- 
preciate all theſe powers of affinity, or to expreſs 
their proportional energy by numbers, we are 
certain, that, however variable they may be, 


when confidered in relation to the quantity of 


_ caloric with which they are combined, they are 
all nearly in equilibrium in the uſual tempera- 
ture of the atmoſphere ; hence vegetables nei- 


ther contain oil 7. water, nor carbonic acid, 
though they contain all the elements of theſe 
ſubſtances. The hydrogen is not combined 


particularly with the oxygen nor with the car- 
- Ma | | bon ; 


* Though this term, red heat, does not indictte any ab- 
ſolutely determinate degree of temperature, I ſhall uſe it 
| ſometimes to expreſs a temperature conſiderably above 


that of boiling water,—A. 

| + I muſt be underſtood here to ſpeak of vegetables redu- 
| ced to a perfectly dry ſtate; and; with reſpe& to oil, I do 
not mean that which is procured by expreſſion either in 


the cold, or in a temperature not exceeding that of boiling | 


water; I only allude to the empyreumatic oil procured 


by diſtillation with a naked fire, in heat ſuperior to the 


temperature of boiling water ; which is the only oil de- 
clared to be produced by the operation of fire. What I 


have publiſhed upon this ſubject in the Memoirs of the 


Academy for 1786 may be conſulted. —A. 


f 
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bon; and reciprocally : The particles of tals 
three ſubſtances form a triple combination, which 
remains in equilibrium, while undiſturbed by 
caloric ; but a very flight increaſe of tempera- 
ture is ſufficient to overturn this ſtruckure 8 
combination. 

If the increaſed temperature to which the 
vegetable is expoſed does not exceed the heat of 
| hoiling water, one part of the hydrogen com- 

bines with the oxygen, and forms water; the 
reſt of the hydrogen combines with a part of 
the carbon, and forms volatile oil; while the 
remainder of the carbon, being ſet free from its 
combination with the other elements *, remains 
fixed in the bottom of the diſtilling veſſel. : 
When, on the contrary, we employ a red 
£ hank no water is formed, or, at leaſt, any that 
may have been produced, by the firſt applica- 
tion of the heat, is decompoſed ; the oxygen, 
having a greater affinity with the carbon at 
this degree of heat, combines with it to form 
carbonic acid, and the hydrogen, being left 
free from combination with the other elements, 
_ unites with caloric, and eſcapes in the ſtate of 
hydrogen 


* This ſtatement is only partially true, for a fmall part. 
of the ingredients remains very obſtinately attached to 
the carhon, and can hardly be driven from it without the 
aſſiſtance of oxygen, by means * which the carbon itſelf 
ſuffers combuſtion. —T, | 


- — 
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Hydrogen gas &. In this high temperature, ei- 
cher no oil is formed, or if any has been produ- 
ced during the lower temperature, at the begin- 
ning of the experiment, it is decompoſed by the 
action of the red heat. Thus the decompoſition 
of vegetable matter, under a high temperature, 

is produced by the action of double and triple 
affinities; while the carbon attracts the oxygen, 


on purpoſe'to form carbonic acid, the caloric at- 


tracts the Wen and converts it into hydro- 
gen was!” : 

„The diſtillation of every eh of vegetable 

ſubſtance confirms the truth of this theory, if 

we can give that name to a fimple relation of 

facts. When ſugar is ſubmitted to diſtillation, 


1 85 ſo long as we only employ a heat but a little 
below that of boiling water, it only loſes its 


water of cryſtallization, it ſtill remains ſugar, 
and retains all its properties ; but, immediately 


upon raiſing the heat only a little above that 


degree, it becomes blackened, a part of the car- 


bon ſeparates from the combination, water 


Lightly aciqulated paſſes over, accompanied by 
M3 a 


2 The FE ink gas, produced i in tits way, is not pure, | 


but holds a confiderable portion of carbon in ſolution: It 


is carbonated hydrogen gas, called, im the old RE: 5 


3 heavy N air. T. 


182 ELEMENTS 


a little oil, and the charcoal * which remains in 
the retort is nearly a third part of the original 
weight of the ſugar. 

The operation of affinities which takes place, 
during the decompoſition, by fire, of vegetables 
which contain azot, ſuch as the cruciferous 
plants, and of thoſe containing phoſphorus, is 

more complicated; but, as theſe ſubſtances on- 

ly enter into the compoſition of vegetables in 

very ſmall quantities, they only, apparently, 
produce flight changes upon the products of diſ- 
tillation. The phoſphorus ſeems to combine 
with carbon, and, acquiring fixity from that u- 
nion, remains behind in the retort ; while the 
azot, combining with a part of the hydrogen. 
forms ammoniac F, or volatile alkali. 

Animal ſubſtances, being compoſed nearly 


pf 1 the —_ elements with cruciferous plants, 
on” 


* The & term . is | hone . becauſe i it is ill 
contaminated with ſeveral foreign matters. Carbon, 
firialy ſpeaking, is only uſed to denominate the pure ele- 
mentary and combuſtible part of charcoal, which part aQs 
alone in combinations and decompoſitions . 


+ Dr Black's propoſed term ammona, as will be more 
particularly noticed in the ſequel, ſeems better adapted as 
a ſingle term for this ſubſtance than the one here uſed. 
Befides, in the above explanation, the ammoniac or am» 
mona, whichever term be preferred, is not pure, being 
combined with carbonic acid, wherefore it ought to have 
beeg 1 named carbonated ammoniĩac. —T. 
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give almoſt the ſame products in diſtillation ; 
with this difference, that, as they contain a 
greater quantity of hydrogen and azot, they 


produce more oil and more ammoniac. I ſhall 


only produce one fact as a proof of the exact- 
neſs with which this theory explains all the phe- 
nomena that occur during the diſtillation of 
animal ſubſtances ; which is the rectification, 
and total decompoſition, of volatile animal oil, 
commonly known by the name of Dippels' oil. 
When theſe oils are procured by a firſt diſtilla- 
tion in a naked fire they are brown, from con- 
taining a little carbon, almoſt in a free tate ; 
but they become quite colourleſs by rectifica- 
tion: Even in this ſtate, the carbon in their 
compoſition has ſo ſlight a connection with the 
other elements as to ſeparate from them by 
mere expoſure to the air. If we put a quanti- 
ty of this animal oil, well rectified, and conſe- 


quently clear, limpid, and tranſparent, into a 


bell-glaſs filled with oxgen gas over mercury, 
in a ſhort time the gas is much diminiſhed, be- 
ing abſorbed by the oil; the oxygen combining 
with the hydrogen of the oil forms water, which 


ſinks to the bottom; at the ſame time the car- 


bon, which was combined with the hydrogen, 
being ſet free, manifeſts itſelf by rendering the 
oil black. Hence the only way of preſerving 
theſe oils colourleſs and tranſparent, is by keep- 


ing them in bottles perfectly full and accurate- 


M4 _ ly 


= 
wen, 
e 


"Þ 
\ 
. 
gr 
7 


"ads ELEMENTS 


ly corked, to hinder the coma: of air, which 
always diſcolours them. 

Succeſſive rectifications of this oil furniſh an- 
other phenomenon confirming our theory. In 
each diſtillation a ſmall quantity of charcoal re- 
mains in the retort; and a little water is form- 
ed, by the union of the oxygen contained in 
the air of the diſtilling veſſels with the hydro- 
gen of the oil. As this takes place in each ſuc- 
cefſive diſtillation, if we make uſe of large veſ- 
ſels and a conſiderable degree of heat, we at laſt 
decompoſe the whole of the oil, and change it 
entirely into water and charcoal. When we 
uſe ſmall veſſels, and eſpecially when we em- 
ploy a flow fire, or a degree of heat only a little 
above that of boiling water, the total decompo- 
| fition of theſe oils, by repeated diſtillation, is 
greatly more tedious, and more difficultly ac- 
compliſhed. I ſhall give a particular detail te 
the Academy, in a ſeparate inemoir, of all my 

experiments upon the 'decompoſition of oil; 
but what I have related above may ſuffice to give 
juſt general ideas of the compoſition of animal 
and vegetable ſubſtances, and of their + 
op Py | the action of . — 1. 


CHAP. 
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CHAP. xl. 


27 the Decompotion of Vegetable Oxyds * the 
Vi nous nnn. 


HE manner in „ilch wine, ROS Mund, 
and all the liquors formed by the ſpiri- 
tous fermentation, are produced, is well known 
to every one. The juice of grapes or of apples 
being expreſſed, and the latter being diluted with 
water, they are put into large vats, which are 
kept in a temperature of at leaſt 54.5 of the 
thermometer. A rapid inteſtine motion, or fer- 
mentation, very ſoon takes places, numerous 
globules form in the liquid and burſt at the ſur. 
face; when the jfermentation is at its height, 
the quantity of gas diſengaged is ſo great as to 
make the liquor appear as if boiling violently 
over a fire. When this gas is carefully gather 
ed, it is found to be carbonic acid perfectly 
pure *, and free from e es with INE other 


pete of air or Le : 4 
3 Whet 


This aſſertion of the perfect purity of carbonic acid 
gas, diſengaged during the vinous fermentation, muſt be 
| taken with lome allowance; for it almoſt always, I believe 
FS | conſtantly 5 
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When the fermentation is completed; the 


Juice of grapes is changed, from being ſweet and 


full of ſugar, into a vinous liquor, which no 
longer contains any ſugar, and from which we 
_ procure by diſtillation an inflammable liquor, 
known in commerce under the name of Spirit 
of Wine. As this liquor is produced by the fer- 
mentation of any ſaccharine matter whatever 
diluted with water, it muſt have been contrary 
to the principles of our nomenclature to call 

it ſpirit of wine rather than ſpirit of cyder, 
or of fermented ſugar; wherefore, we have a- 
dopted a more general term, and the Arabic 


word alkohol. ſeems en proper for the 


purpoſe. 3 Buy 
. This operation is one of che moſt extraordi- 


nary in chemiſtry. We muſt examine whence 
proceed the diſengaged carbonic acid and the 
inflammable liquor produced, and in what man- 
ner a ſweet vegetable oxyd becomes thus con- 
Vverted into two ſuch oppoſite ſubſtances, where- 
of one is combuſtible, and the other eminently 
the contrary... To ſolve theſe two queſtions, it 


is neceſſary to be previouſly acquainted with the 
_ analyſis of the fermentable ſubſtance, and of the 


products of the fermentation. 
We 


7 


e contains ſome alkohol, hefides 2 "nem | 
quantity of aqueous gas or water, in ſolution. The latter 
does not affect its purity, the former does ſo in ſome 


degree.— T. 
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We may lay it down as an inconteſtible 
axiom, that, in all the operations of art and 
nature, nothing is created; an equal quantity 
of matter exiſts both before and after the expe- 
riment; the quality and quantity of the ele- 
ments remain preciſely the ſame : and nothing 
takes place beyond changes and modifications 

in the combinations of theſe elements. Upon 
this principle, the whole art of performing che- 
mical experiments depends: We muſt always 
ſuppoſe an exact equality between the elements 
of the body examined, and thoſe of the ne! 
of its analyſis. 

Hence, ſince from muſt of grapes we procure 
alkohol and carbonic acid, I have undoubted 
right to ſuppoſe that muſt conſiſts of carbonic 
acid and of alkohol. From theſe premiſes, we 
have two methods of aſcertaining what paſles 
during vinous fermentation : Either by deter- 
mining the nature of, and the elements which 
compoſe, the fermentable ſubſtances ; or by ac- 
curately examining the products reſulting from 
fermentation ; : "OP" it is evident that the knows 

| 3 ledge 


1 In this PIR the BE) ack FR not t ſtriely fol. 


5 low from the premiſes; becauſe from the muſt of grapes 


we procure carbonic acid and alkchol, it is a neceſſary con- 
ſequence that the original muſt contains the conſtituent 
elements of carbonic acid and of alkohol, but not that 
theſe products of fermentation are already formed, —T. - 
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ledge of either of theſe muſt lead to accurate 
Concluſions concerning the nature and compo- 
Utien of the other. From theſe conſiderations, 
it became neceſlary accurately to determine the 
vonſtituent elements of the fermentable ſabſtan- 
bes; and, for this purpoſe, I did not make uſe 
vf the compound juices of fruits, the rigorous 
analyſis of which is perhaps impoſſible, but made 
choice of ſugar, which is. eaſily analyſed, and 
the nature of which I have already explained. 
This ſubſtance is a true vegetable oxyd with 
two baſes, compoſed of hydrogen and carbon, 
brought to the ſtate of an oxyd, by means of a 
certain proportion of oxygen; and theſe three 
elements are combined in ſuch a way, that a 
very light force is ſufficient to deſtroy the e- 
quilibrium of their connection. By a leng train 
bk experiments made in various ways, and of- 
ten repeated, I aſcertained that the proportion in 
Which theſe ingredients exiſt in ſugar; are near. 
17 8 Parts of hydrogen, 64 parts of oxygen, and 
a8 Parts of carboh, all by weight, prom ſa 100 

TRE Rnd © b 21-365 
Sugar muſt be mixed with Aut vice” times 
its weight of water, to render it ſuſceptible 
of fermentation; - and even then the equili- 
brium of 1 its Ai er would remain undiſturb- 
ed, without the aſſiſtance of ſome ſubſtance 
to OS a commencement to the fermenta- 
ES Lat vir fone, tion. 
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tion *, This is accompliſhed by means of a 
little yeaſt from beer ; and, when the fermenta- 
tion is once excited, it continues of itſelf until 
completed. I ſhall, in another place, give an ac- 
count of the effects of yeaſt, and other ferments, 
upon fermentahle ſubſtances. I have uſually 
employed 10 Hibs. of yeaſt, in the ſtate of paſte, 
for each 100 libs. of ſugar, with as much water 
as 1s four times the weight of the ſugar. I ſhall 
give the reſults. of my experiments exactly as 


they were obtained, preſerving even the fractions 


produced by calculation. 


8 D k 4 Þ 
* 4 OT ” - 


TABLE 
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8 * 


This is not rity true ; for, eſpecially in warm wea- 


thers, all ſyrups are apt to run into fermentation, unleſs 
very rich of the ſugar, and carefully preſerved. At the 


ſame time, this ſpontaneous fermentation is not ſo regular 


as when aſſiſted by yeaſt, and is apt to become in part 


acetous, before completing the vinous proceſs.— T. 


: { ; 
e1tt; nity 1 


* * e IS — .. 


V 


190 ELEMENTS 


TazIE I. Materials of Fermentation x. 


| | Babs. 
Water = - — 400. 
Sugar _ — 100. 
Yeaſt, in paſte, 10 libs. CE Water = 7.2391493 
compoſed of Dry Yeaſt — 2.9608507 
Total 510 /ibs. 


TABLE IL Conflituent Elements of the Material 
| Yf Fermentation. | 


libs. - 
407.2391493 ibs. of water, (Hogs 61.08 58724 
| W Oxygen 346.1532769 
Hydrogen 8. 
00 ibi. ſugar, rere of 42 64. 
Carbon 28. 


ö | Hydrogen .2900716 
1 50% libs. of 15 melt, Oxygen 1 043745 7 
_ compoſed of 


Carbon 78765 19 
LAzot 90393815 
Total weight 510. libs. 


. 1 TABLE 


*The quantities in the original are expreſſed in the 
common diviſions of the Paris pound, but, to render the 
reſults more generally uſeful to the En gliſh reader, they 
are all here reduced to decimals, which anſwer _— | 


for any * | 


FEE 
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TaBLE III. Recapitulation of theſe Elements. 


bibs. 
of the water 340. 
S | of the water | libs. 
| 5 in the yeaſt 6.1532769 411.7970226 
© 12 the ſugar 64. | 
of the dry yeaſt 12.6437457 
g {of the water 60. | 
& | of the water | „„ 6s 
" . in the yeaſt 1. o8 58724 > 69. 3759440 
> | of the ſugar 8. | 
Mi! | of the dry yeaſt 0. 2900716 
2 of the ſugar 28. 
3.3 Jo the yeaſt 01816529 $ 28.7816519 


Azot of the yeaſt — "= .0393815 


In all 510. 71686. 


Having thus accurately determined the na- 
ture and quantity of the conſtituent elements 
of the materials ſubmitted to fermentation, we 
have next to examine the products reſulting 
from that proceſs. For this purpoſe, I placed 
the above 310 libr. of fermentable liquor in a 
proper * apparatus, by means of which I could 
accurately determine the quantity and quality 
of gas diſengaged during the fermentation, and 

| could 


* The above apparatus is deſcribed in the Third Part. 
— A. ; . r 


* 
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could even weigh every one of the products ſe- 
parately, at any period of the proceſs I judged 
proper, 

An hour or two after the ſubſtances are mixed 
together, eſpecially if they are kept in a tem- 
perature of from 66 to 73 of the thermome- 
ter, the firſt marks of fermentation, commence ; 
the liquor turns thick and frothy, little globules 
of air are diſengaged, which riſe and burſt at 
the ſurface; the quantity of theſe globules 
quickly increaſes, and there is a rapid and abun- 
dant production of very pure carbonic acid, ac- 

companied with a ſcum, which is the yeaſt ſe- 
parating from the mixture. After ſome days, 
leſs or more according to the degree of heat, 
the inteſtine motion and diſengagement of gas 
diminiſn; but theſe do not ceaſe entirely, nor 
is the fermentation completed for a conſiderable 
time. During the proceſs, 35.3458116 lib. of 
dry carbonic acid are difengaged, which carry a- 
long with them;r 3. 9140625 Hibs. of water. There 


remains in the veſſel 460. 7401259 Hibs. of yinous 


- Hquor, flightly acidulous. This is at firſt muddy, 
but clears of itfelf, and depoſits a portion of 
. yeaſt, When we ſeparately analyſe all theſe ſub- 
ſtances, which is effected by very troubleſome 
proceſſes, we have the reſults as given in the 
following Tables. This proceſs, with all the 
— ſubordinate calculations and analyſes, will be de- 


_ tailed at large i in the Memoirs of the Academy, 
TABLE: 


5 


Ta BTE IV. Product of Fermentation. 


a 35: 3458126 libs. of de 
nic acid, com- 


458 ann libs. of water, 


: 57 70rbogy 2 bs. of dry al. 


4 


poſed of 


3 wo 
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\ 1 


DAISY -  25.4490017 
Carbon — oa 9. 8968099 


"ETA — 347. 6314019 


Tee | = -" Cuga0007 


| 1 Oxygen, ed 


with bydrogen 31.389750 


: 1H ydrogen, combi- 


ned with oxygen 5.5 393880 


E ol Ada 1 Hydrogen, combi- 
* ned with carbon 4.039062 5 
| Carbon, combined. 


tous acid, cqm- 


. with hydrogen | 16.7333984 


Oxygen 1. 7187560 


2. losses F 7 Ze. of if &ry i ace- ==> I * 0.1562 500 


poſed of 


4 51 55 Abi. of reſiduum 
of ſugar, com- 1 


«og 54 \ libs. of racy * 


N of 


en f 


510 lib... 1 


ol 


Carbon = 0.6250000 


Hydrogen —  0.3275825 
Oxygen — _2:6201172 
Carbon — t. 1463758 


Hydrogen „ elzg5org8 
Oxygen Tialgze: 
Carbon . pies 9.393882 
Kar * : 9 0.019639 
—— — 

510 bbs. 


TAB LE 
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Tax LE V. Recapitulation of the Produfts. 


Tv "IF 4 


libs. 
Water 347.6314019 
Carbonic acid = 25. 4490017 
Alkohbol — 31.389750 
Acetous acid 1.718750 
| Refiduum of ſugar 2,6201172 
An — o. 8218317 


499 6368 595 libs. of oxygen 
7 8 contained in 
tho 


| Cabal.» acid 9.8968099 


7875 d libs. of carbon Alkohol = 16.7333984 


contained in <4 Acetous acid —- 0.62 50000 


the Reſiduum of ſugar 1. 1463758 
: a 'T Yeaſt 


2 * 93938802 


Water 61.3466) 


Water of the alkohol 5. 5393888 


mn er libs. of bydio- Combines with the 


carbon of the alko- 
has jd = ecpgotas 
3 I Acetous acid 0.1562 5 


2 of ſugar © © 4327 5825 5 


'./0.0296 15 libs of aer i in e 1 da o. 0196397 


Tr libs. „ 1 28 < e 1 510 libs. 


In the. calculation of theſe reſults, I have 
1 be how exact even to minuteneſs : Not that it is 
war” poſſible, i in experiments of this nature, to carry 
-..-our. accuracy ſo far; but as the experiments 
- were made only with a few pounds of ſugar, and 
as, for the ſake of N 1 reduced the 


9 3 = 


or 


or imaginary hundred pounds, I thought it ne- 
ceſſary to leave the ae uu progulely as 

produced by calculation. | 5 5 
When we conſider the * 00 bend by 
theſe tables with attention, it is eaſy to diſcover 
exactly what occurs during fermentation. In 
tlie firſt place, out of the 100 libs. of ſugar em- 
ployed, 4.940785 libr, remain, without having 
ſuffered decompoſition: ſo that, in reality, we 
Have only operated upon 95. 9059245 lib. of 
-ſugar ; that is to ſay, upon 61. 37979168 libs. 
of oxygen, 7.67247 396 lib. of hydrogen, and 
26.853658 86 libs, of carbon. By comparing 
theſe quantities, we find that they are fully ſuf- 
ficient for forming the whole of the alkohol, car- 
bonic acid, and acetous acid, produced by the 
fermentation. It is not, therefore, neceſſary to 
ſuppoſe that any water has been decompoſed du- 
ring the experiment, unleſs it be pretended that 
the oxygen and hydrogen exiſt in the ſugar al- 
ready combined in that form. On the contrary, 
IJ haye already made it evident that hydrogen, 
oxygen, and carbon, the three conſtituent. ele- 
ments of vegetable ſubſtances, remain in a ſtate 
of equilibrium, or mutual union with each 
other, which ſubſiſts ſo. long as this union re- 
mains undiſturbed by increaſed, temperature, or 
by means of ſome new compound attraQon ; ; 
11 he then . theſe elements combine, 
3: DEF E 2 15751 wan. t 
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two and pivo e 10 e water and capba, 
nic acid. " Tune 
The effects af the vinous 8 upan | 
Lugar is thus reduced to the mere ſeparation of 
its elements. into two portions ; one part is oxy- 
genated at the expence of the ofher, ſo as to 
form carbonic acid, while the other part, being 
diſoxygenated in fav6ur of the former, is con- 
verted into the combuſtible ſubſtance! called al. 
kohol; therefore, if it were poſſible to re-unite 
alkohol and carbonic' acid together, we ought 
to form ſugar. It is evident that the carbon 
and hydrogen in the alkohol do not exift in the 
Nate of oil, but th at they are-combined with a 
portion of oxygen, which renders them miſci- 
'ble with water; wherefore theſe three ſubſtan- 
ces, oxygen, hyatogen, and carbon, exiſt here 
Hikewiſe i in a ſpecies of equilibrium, or recipro- 
| al combimation'; and, in fact, when they are 
made to paſs thrbügk a red hot tube of glaſs or 
porcelain, this union or equilibrium i is deſtroyed; 
"theſe elements become recombined two and: n 
and water and carbonic acid are formed. 
8 had formerly advanced, in my firſt Me. 
moirs upon the formation of water, that it was 
| Sebotapoled in a great number of chemical ex- 
riments, and particularly during the vinous 
rmentation. I then ſuppoſed that water exiſt- 
ed ready formed in ſugar, though I am now con- 
vinced that ſugar only contains the elements 


"ry 
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proper for compoſing it. It may be readily con- 
ceived, that it muſt have coſt me a good deal to 
abandon my firſt notions; but by ſeveral years 
reflection, and after a great number of experi- 
ments and obſervations upon vegetable ſubſtan- 
ces, I have fixed my ideas as above. _ 

I ſhall finiſh what I have to ſay-upon vinous 
fermentation, by obſerving, that it furniſhes us 
with the means of analyſing ſugar and every 
vegetable fermentable matter. We may con- 
fider the ſubſtances ſubmitted to fermentation, 
and the products reſulting: from that operation, 
as forming an algebraic equation; and, by ſuc- 
ceſſively ſuppoſing each of the elements in this 
equation unknown, we can calculate their values 
in ſucceſſion, and thus verify our experiments by 
calculation, and our calculations by experiment, 
reciprocally. I have often ſucceſsfully employ- 
ed this method for correcting the firſt reſults 
of my experiments, and to direct me in the pro- 
per road for repeating them to advantage. I 
have explained myſelf more at large upon this 
ſubſect, in a Memoir upon vinous fermentation 
already preſented to the eee ang n 
will W be e 5 


? 
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CHAP. Xv. 7 7 wn, PR) 
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. th Patrefltiv F, ermentation. 


* 


_ 4 1. | 
" HE ES of 1 are: phe 
like thoſe of vinous fermentation, by the 
pation; of extremely complicated affinities. 
The conſtituent: elements, of the bodies which 
are ſubmitted to this proceſs, ceaſe to continue 
in equilibrium, in their original threefold com- 
bination, and form themſelves anew into binary 
combinations *, or compounds conſiſting of two 
elements only; but theſe are entirely different 
from the reſults produced by the vinous fer- 
mentation. Inſtead of part of the hydrogen 
remaining united with part of the water and 
carbon to form alkohol, as in the vinous fer- 
mentation, the whole of the hydrogen is diſſi- 
pated, during putrefaction, in the form of hy- 
drogen gas; while, at the ſame time, the oxy- 
gen and carbon, uniting with caloric, eſcape in 
the form of carbonic: acid ; ſo that, when the 


whole proceſs is BIG, eſpecially if the ma- 
terials 


* Binary combinations are ſuch as conſiſt of two ſimple 
elements combined together. Ternary, and quaternary, 
conſiſt of three and of four elements.— T. 


OF CHEMISTRY. 99 


terials have been mixed with a ſufficient quan- 
tity ok water, nothing remains but the earth of 
the vegetable, mixed with a ſmall portion of 
charcoal and iron. Thus, putrefaction is no- 
thing more than a complete analyſis of vege- 
table ſubſtance; during which the whole of the 
conſtituent elements is diſengaged in form of gas, 
except the earth, which remains in the ſtate of 
mould d.. 

Such is the reſult of e when the 
ſubſtances ſubmitted to it contain only oxygen, 
hydrogen, carbon, and a little earth. But 
this caſe is rare, and theſe ſubſtances putrify 
imperfectly and with difficulty, and require a 
conſiderable time to complete their putrefae- 
tion. It is otherwiſe with ſubſtances containing 
azot, which indeed exiſts in all animal matters, 
and even in a conſiderable number of vegetable 
ſubſtances. This additional element is remark- 
ably favourable to putrefaction; and for this 
reaſon, animal matter is mixed with vegetable, 
when the putrefaction of theſe is wiſhed to be 
| haſtened. The whole art of forming compoſts 
and dunghills, for the purpoſes of agriculture, 
confiſts in the our applicetion of 1 admix- 


| ture. Ne | | 
Na K rand The 


. In the Third Part will be given the deſcription of an 
apparatus proper for being uſed in experiments of this 
kind,—-A. 
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The addition of azot to the materials of putre- 
fation-not only accelerates the proceſs, but that 
element likewiſe combines with part of the 
hydrogen, and forms a new ſubſtance, called 
volatile alkali, of ammoniac. The reſults ob- 
_ tained by analyſing animal matters, by different 
proceſſes, leave no room for doubt with regard 
to the conſtituent elements of ammoniac ; for, 
whenever the azot has been previouſly ſeparated 
from theſe ſubſtances, no ammoniac is produced, 
and in all cafes they furniſh ammoniac only in 
proportion to the azot they contain. This com- 
poſition of ammoniac is likewiſe fully proved by 
Mr Berthollet, in the Memoirs of the Academy 
for 1781, p. 316. where he gives a variety of 
analytical proceſſes by which ammoniac is de- 
compoſed, and- its two CY azot mw hydro- 
gen, procured ſeparately. ; 

J have already ndativend, in — X. that 
almoſt all combuſtible bodies are eapable of 
being combined with each other:: Hydrogen gas 
poſſeſſes this quality, of combining with other 
combuſtible ſubſtances, in an eminent degree: 
It diſſolves carbon, ſulphur, and phoſphorus, 
produeing the compounds named carbonated 
hydrogen gas, ſulphurated hydrogen gas, and 
. phoſphorated hydrogen: gas. The two latter of 

theſe gaſſes have a peculiarly diſagreeable flavour; L 
the ſulphurated hydrogen gas has a ſtrong re- 


ſemblance to the ſmell of rotten eggs, and 
; the 
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the phoſphorated ſmells l like putrid fiſh. 
Ammoniac has hkewiſe a peculiar odour, not 
leſs penetrating or leſs diſagreeable than thefe 
other gaſſes. From the mixture of theſe differ- 
ent flavours proceeds the fetor which always ac- 
companies the putrefaction of animal ſubſtan- 
ces. Sometimes the ammoniac predominates, 
which is eaſily: perceived by its ſharpneſs upon 
the eyes; ſometimes, as in feculent matters, the 
ſulphurated gas is moſt prevalent ; and ſome- 
times, as in putrid herrings, the phoſphborate@. 

hydrogen gas is moſt abundant. | 
I long ſuppoſed that nothing could Ae 
or interrupt the courſe of putrefaction; but 
Mr Foureroy and Mr Thouret have obſerved 
ſome peculiar phenomena in dead bodies, bu- 
ried at a certain depth, and preſerved: to a er- 
tain degree, from contact with air; having 
found the muſcular fleſh frequently converted 
into true animal fat . This muſt have ariſen 
from the diſengagement, by ſome unknown 
cauſe, of the azot, naturally contained in the 
animal ſubſtance, leaving only the hydrogen 
and carbon remaining, which are the elements 
proper for producing fat or oil. This obſerva- 
| tion, 


This proceſs has been lately imitated artificially ; and 
the fatty ſubſtance, exactly ſimilar in all reſpects to Sper- 
maceti, can be readily. made from the fleſh or muſcular 
parts of all animal bodies. I. 
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tion, on the poſſibility of converting animal ſub. 
ſtances into fat, may ſome time or other lead to 
diſcoveries of great importance to ſociety. The 
feces of animals, and other excrementitious 
matters, are chiefly compoſed of carbon and 
hydrogen, and approach conſiderably to the na- 
ture of oil, of which they furniſh a conſiderable 
quantity by diſtillation with a naked fire; but the 
intolerable fœtor, which accompanies all the pro- 
ducts of theſe ſubſtances, prevents our expecting 
that, at leaſt for a long time, they can be render - 
ed uſeful in any other way than as manures. 
I have only given conjectural approximations 
in this chapter, upon the compoſition of animal 
ſubſtances, which is hitherto imperfectly under- 
ſtood. . We know that they are compoſed of hy- 
drogen, carbon, azot, phoſphorus, and ſulphur, 
all of which, in a ſtate of quintuple combination, 


are brought to the ſtate of oxyd by a larger or 


ſmaller quantity of oxygen. We are, however, 
ſtill unacquainted with the proportions in which 
theſe ſubſtances are combined, and muſt leave it 
to time to complete this part of chemical analy- 
ſis, as it has already done with ſeveral others. 


| 


CHAP. 
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Emap. xv. 


| Of the Acetous Fermentation. 


ME acetous fermentation is nothing more 
than the . acidification, or oxygenation of 
wine on, produced in;the open air, by means of 
the abſorption of oxygen. The reſulting acid 
is the acetous acid, commonly called Vinegar, 
which is compoſed of hydrogen, and carbon u- 
nited together in proportions not yet aſcertain- 
ed, and changed into the acid ſtate by oxygen. 
As vinegar is an acid, we might conclude from 
analogy, that it contains oxygen, but this is 
put beyond doubt by direct experiments: In 
the firſt place, we cannot change wine into vine- 
gar without the contact of air containing oxy- 
gen; ſecondly, this proceſs is accompanied by . 
2 diminution of the volume of the air in which 
it is carried on, from the abſorption of its oxy- 
gen; and thirdly, wine may be changed into 
vinegar, by 5 other means of oxygenation. 
1 ndependent 


»The word Wine, in this chapter, i is uſed to ſignify the 
liquor produced by the vinous fermentation, whatever ve- 


getable ſubſtance may have been uſed for obtaining it.—T, 


83 4 bo q 
— 
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Independent of the proofs which theſe facts 
furniſh of the acetous acid being produced by 
the oxygenation of wine, an experiment made 
by Mr Chaptel, Profeſfor of Chemiſtry at Mont- 
pellier, gives a diſtin view of what takes place 
in this proceſs. He impregnated ſome water 
with about its own bulk of carbonic acid from 
fermenting beer, and placed this water in a 
cellar, in veſſels communicating with the air, 
and in a ſhort time the whole was converted in- 
to acetous acid. This carbonic acid gas, pro- 
cured from beer vats in fermentation, is not 
perfectly pure, but contains a great quantity of 
alkohol in ſolution, wherefore water impregna- 
ted with it contains all the materials neceſſary 
for forming the acetous acid. - The alkohol fur- 
niſhes hydrogen and one portion of carbon; the 
carbonic” acid forniſhes oxygen and the reſt of 
the carbon; and the air of the atmoſphere fur- 
niſhes the reſt of the oxygen neceſſary for chan- 
ging the mixture into acetous acid. From this 
_ obſervation it follows, that nothing but hydro- 
gen is wanting to convert carbonic acid into ace- 
tous acid ; or, more generally, that, by means 
of hydrogen, and according to the degree of 
oxygenation, carbonic acid may be changed into 
all the vegetable acids; and, on the contrary, 
that, by depriving any of the vegetable acids of 
their bydrogen, they may, be converted into car- | 


bonic acid. 
; 1 | 
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Although the principal facts relating to the 
acetous acid are well known, yet numerical pre- 
ciſion is ſtill wanting, until furniſned by more 
exact experiments than any hitherto perform- 
ed; wherefore I ſhall not enlarge any farther 
upon the ſubject. It is ſufficiently ſnewn by 
what has been ſaid, that the conſtitution of all 
the vegetable acids and oxyds is exactly con- 
en to the formation of vinegar; by - 
} pitt: of the wee w elements in 2 
theſe acids and oxyds. We may eaſily per- 
ceive, however, that this part of chemiſtry, like 
all the reſt of its diviſions, makes rapid progreſs 
towards perfection, and that it is already ren- 
dered r more Spe than WAS formerly be- 
erde Dang ie 


210 185 % u, BY 1 How 978 & 
91987 vo bo ime fit nt Hiſt e 
ie C: en A P. XVI. 
. 15 
Y 2 F orination oft Neutral Salty and 2% their 
10 Not 171 fem: i 2 11990 0 
XE OM jut Kai : wa all the oxyds and 
| 5 acids from the animal and vegetable 
: kingdoms are formed from a ſmall number of 
ſimple elements, by means of combination' with 
| Kygen, | or at leaſt from ſuch bodies as have not 
Hitherto been ſuſceptible of decompoſition, and 
which muſt therefore be conſidered as ſimple: ſub- 
ſtances, in the preſent ſtate of our knowledge; 
theſe are azot, ſulphur, phoſphorus, carbon, hy- 
drogen, and the muriatic radical ® We may 
juſtly admire the ſimplicity of the means em- 
ployed by nature to multiply qualities and forms, 
whether by combining three or four acidifiable 


Nw! in different Proportions, or FI altering the 
14 H | doſe 


"*% 


* 1 have not ventured to omit this imine, as e 
enumerated with the other principles of animal and ve- 

| getable ſubſtances, though it is not at all taken notice of 
in the preceding chapters as entering into the compoſition 
of theſe bodies. It has been already mentioned, in a 
former note, that the muriatic radical is now diſcover». 


ed, or at leaſt ſuſpected, to be hydrogen. —T, 
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doſe of oxygen emplanad for oxydating or aei- 
difying them. We ſhall find the means no leſs 


ſimple and diverſified, and as abundantly pro- 


ductive of forms and qualities, in the order of 

bodies we are now about to treat of. 
Acidifiable ſubſtances, by combining with 

oxygen, and their conſequent converſion into 


acids, acquire a great ſuſceptibility for farther 


combination; they become capable of uniting 
with alkaline, earthy, and metallic bodies, by 
which means neutral ſalts are formed. Acids 


may therefore be conſidered as true ſalifying prin- 


ciples, and the ſubſtances. with which they unite 
to form neutral falts may be called ali ifiable 
baſes : The nature of the union which theſe two 
principles form with each other is meant as the 
ſubject of the preſent chapter.. 


The foregoing view of the acids prevents 


them from being conſidered as ſalts, though 


they are poſſeſſed of many of the principal pro- 


perties of ſaline bodies, as ſolubility in water, 
&c. It is already obſerved, that they are the 
reſults of a firſt order of combination, being 
compoſed of two ſimple elements, or at leaſt of 


; elements which act as if they were ſimple, and 


1 they may therefore be ranked, to uſe the lan- 
guage of Stahl, in the order of mixts.'” The 
neutral ſalts, on the contrary, are of a ſeconda- 


ry order of combination, being formed by the 


union of two mixts with each other, and may 
therefore 


. 


. 
I 
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"therefore be termed compounds. ' Hence 1 wall | 
not arrange the alkalies * or earths in the claſs 
: of ſalts, to which I allot only fuch as are com- 
poſed of an oxygenated fubſtance united to a 1 
lifiable baſe. 

1 have already enlarged ſufficiently upon the 
! of acids in the preceding chapter, and 
ſhall not add any thing farther upon that ſub- 
Jet ; but having as yet taken no notice of the 
falifiable baſes which are capable of uniting 
with them to form neutral ſalts, I mean, in this 
chapter, to give an account of the nature and 
origin of each of theſe baſes. Theſe are potaſh, 
Toda, ammoniac, lime, magneſia, barytes, argill f 
and all the metallic bodies. es 


$1. of Pats. 


we have already ſhewn, that WW a vege- 
table f is N to the action of fire 
„Tub 36 :5bod 2111] in 


* Teer thus mjeling the alkaties 3 the claſs. of 
? Cas may be conſidered as a capital defect in the method 
here adopted, and I am ready to admit the charge; z but 

this i inconvenience is compenſated by ſo many ad vanta- ; 
that I could not think it of ſufficient conſequence to 


make me alter my plan AE. e 
. Called Alumine by Mr Lavoiſier : but as Argill has 


E been i in a manner naturalized to the language for this ſub- 
ſtance by Mr Kirwan, I have ventured to uſe it in prefe- 


| rence. —T, 
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in diſtilling veſſels, its component elements, oxy- 
gen, hydrogen, and carbon, which formed a 
threefold combination in a ſtate of equilibrium, 
unite two and two, in obedience to affinities 
which act conformable to the degree of heat 
employed. Thus, at the firſt application of the 
fire, whenever the heat produced exceeds the 
temperature of boiling water, part of the oxy- 
gen and hydrogen unite to form water; ſoon 
after, the reſt of the hydrogen and part of the 
carbon combine into oil ; and, laſtly, when the 
fire is puſhed to the red heat, the oil and wa- 
ter, which had been formed in the early part 
of the proceſs, become again decompoſed, the 
oxygen and part of the carbon unite to form 
carbonic acid, a large quantity of hydrogen gas 
is ſet free, and nothing but charcoal remains in 
the retort. 
A great part of theſs a occur du- 
ring the combuſtion of vegetables in the open 
air; but, in this caſe, the preſence of the air 
introduces three new ſubſtances, the oxygen 
and azot of the air, and caloric, and, of theſe, 
two at leaſt produce conſiderable changes i in the 
teſults of the operation. In proportion as the 
hydrogen of the vegetable, or that which a- 
riſes from the decompoſition of the water, is 
forced out in the form of hydrogen gas by the 
progreſs of the fire, it is ſet on fire immediately 
upon getting into contact with the air, water is 
again formed, and the greater part of the calo- 
0 ; ric 
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ric of the two gaſſes: becoming free produces 
flame. When all the hydrogen gas is driven 
out, burnt, and again reduced to water, the re- 
maining carbon continues to burn, but without 
| flame z it is formed into carbonic acid, which 
carries off a portion of caloric ſufficient to give 
it the gaſſeous form; the reſt of the caloric, 
from the oxygen of the air, being ſet free, pro- 
duces the heat and light obſerved during the 
combuſtion of the carbon. The whole vegetable 
is thus reduced to water and carbonic acid, and 
nothing remains but a ſmall portion of grey ear- 
thy matter called aſhes, being the only really fix- 
ed principles 3 enter into the conſtitution 
on vegetables. | 2 
The earth, or entice wes which Gale ex- 
ceeds 4 t twentieth part of the weight of the ve- 
getable, contains a ſubſtance of a particular na- 
ture, known under the name of fixed vege- 
table alkali, or potaſn. To obtain this, water is 
poured upon the aſhes, which diſſolves the pot- 
aſh, and leaves the afhes which are inſoluble ; 
by afterwards evaporating the water, we 0 | 
the potaſh in a white concrete form : It is very 
fixed even in a very high degree of heat. I 
do not mean here-to.defcribe- the art of-prepa- 
ring potaſh; or the method of procuring it in 
a ſtate of purity, but have entered into the 
above detail merely that I might not uſe. any 
word, au t previouſly explained. VOID Nat: 


* < 
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The potaſh obtained by chis proceſs is always 
leſs or more ſaturated with carbonic acid, which 
is eaſily accounted for: As the potaſh does not 
form, or at leaſt is not ſet free, but in propor- 
tion as the carbon of the vegetable i is converted. 
into carbonic acid by. the addition of oxygen, | 
either from the air or the water, it follows, that 
each particle of potaſh, at the inſtant of its for- 
mation, or at leaſt of its liber ation, is in contact 
with a particle of carbonic acid, and a as there is 
a conſiderable affinity between theſe two ſub- 
ſtances, they naturally combine together. | A. 
though the carbonic acid has leſs affinity with ; 
potaſh than any othet acid, yet it is difficult to 
ſeparate the laſt portions from it. The moſt 
uſual method of accompliſhing this is.to diſſolve 
the potaſh in water, to this ſolution two or 
three times its weight of quicklime are added, 
then the liquor is filtrated, and evaporated in 
cloſe veſſels; che ſaline fubſtance left by the 
evaporation is potaſh almoſt entirely deprived of 
carbonic acid. In this ſtate it is ſoluble in an 
equal weight of water, and eyen attracts the 
moiſture of the air with great avidity; 3. by this 
property it furniſhes us. with, an excellent means 
of rendering air or gas dry by expoſing them to 
its action. In this ſtate, it is ſoluble in alko- 
hol, though not when combined. with . carbonic 
acid ; and Mr Berthollet employs this, property 
as a 1 of procuring pra in the . of 
| PERS PAT: 1 J Dann 2401,95 % fl wp 
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All vegetables Field Jeſs or more of potaſh in 
conſequence of combuſtion, but it is furniſhed 
in various degrees of purity by different vege- 
tables ; uſually, indeed, from whatever ſource 
it be procured, it is mixed with different ſalts, 
from which, however, it is eaſily ſeparable. We 
can hardly entertain a doubt that the aſhes, or 

earth, which is left by vegetables in combuſtion, 
pre-cxiſted in them before they were burnt, 
forming what may be called the ſkeleton, or 
offeous part of the vegetable. But it is quite 
otherwiſe with potaſh; this ſubſtance has never 
| yet been procured from vegetables but by means 
"0 proceſſes or intermedia capable of furniſhing 
oxygen and azot, ſuch as combuſtion, or by 
means of nitric acid; ſo that it is not yet demon- 
ſtrated that potaſh may not be a produce from 
theſe operations. I have begun a ſeries of expe- 
riments upon this ſubject, and hope ſoon to be 
able! to sive a an account of their reſults. | 


& { 2. Of Soda. 
Soda, like ; yan?” is an alkali procured by 
. lixiviation from the aſhes of burnt plants, but 
only from thoſe which grow upon the fea-ſide, | 
and eſpecially from the herb kali, whence is de- 
rived the name altaF, given to this ſubſtance 
by the Afabians. It has ſome properties in 
common with potaſh, and others which are en- 
tirely different : In general,” theſe two ſubſtan- 
ces have peculiar characters in their ſaline com- 
WA”. binations 


* 18 
9 N 4 
, " 


aſh and ſoda &. e 


binations which are proper to each, and conſe- 
quently diſtinguiſh them from each other; us 
ſoda, which, as obtained from marine plants, is 
uſually entirely ſaturated with carbonic acid, 
does not attract the humidity of the atmoſphere 
like potaſh, but, on the contrary, it deficeates, 


its cryſtals effloreſce, and are converted into a 


white powder having all the properties of ſoda, 
which it really i is, Ene only loſt its water of 
cryſtallization. A 

Hitherto we are not better acquainted with 
the conſtituent elements of foda than with thoſe 
of potaſh, being equally uncertain whether it 
previoully e exiſted ready formed in the vegetable, 
or if it be a combination e of elements effected by 
combuſtion. y Analogy leads us to ſuſpeet that | 


axot is A, conſtituent element of all the alkalies, - 
as is the caſe with ammoniac; but w F have only 
| light preſumptions, unconfirmed bye any ONE 


experiments, relpedting t the e of po at 


W 
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2 the Turin Academy, which give realm for ſup- 
poſing that ſoda is a modification of magnebia :: This latter 
ſubſtance, according to the experiments details by Baron 


Born, and . oned in the additional ſeMion, o this chap-, 
ter, ſeems to 2 metallic « oxy yd. From analogy, v we may 


preſume that potaſh is Mei & à metäilie küdſtance, in 


| ſome hitherto unknown ſtate of abate n 
chus exclude all the alkalies from the claſs of ſimple ele- 
: menckry ſubſtances T. NE #8950 5w18hnamon off F * 
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05 * 185 ui 9 3• "Of Anmoniac. : | 


"ye h Bare, however, very accurate knowledge 
of t! the compoſition. of ammonia. or volatile al- 
Kali, as it i Is, called by the old chemiſts. Mr 
1955 Fg in the! | memoirs of the Academy for 

4, p. 316. Has proved by analyſis, that 100 


5M 


as 0 5 is {ubſtance confiſt of about 807 parts 
of azot es com fie wWith 193 parts of hydrogen, © | 


ith 


mmoniac is chiefly procurable from animal 
| ſubſtances by diſtillation, during which proceſs 
the. azot. and .hydragen, neceſſary t to its forma- 
tion u bt nie in Proper proportions; it is got, how- 
17 procured 1 pure by t this proceſs, being mix- 


th oj PORE EY 


ith oil and water, and moſtly ſaturated with 
= = To ſeparate theſe ſubſtances, it 


Is; r 5 ined. with an acid, the ani for 
ea! * 4 — 


in ance and tb th en. diſengaged” from that e com- 

Gs MYY = a my 375 

| ation þ . th je addition 0 lime 0 Pofaſh. 
59D VEE d. edu 
n ammoniac 1s thus Produced in in its greateſt 
O:NQINKONQFH13, 0113 Rr. 

__ ot punity, it Call only exiſt 1 un der the 
s form, at leaſt i in the uſual 0e of 

. it has an exceſſively penetrating 


Amell at is abſorbediin large quantities by water, 
eſpecisliy 1f edold: and aſſiſted by dompreſſion. 
Watt thor faturated with ammonise bas uſually | 
"been i med yolatile Alkaline ite fuor; we ſhall call 


B03: mp wt; ro rti big ar 


. eit er ts mply ammpniac, or aui ammoniac, | 


*ff 9%7 
Lond eng gas; Pen jt exiſts in the geri 
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* ad 10 eld 2d! an eatlaplle 21): l 5 "$4 . of 
»The nomenclature of the alkalles propoſed 2 Dr Black 
| feems better than that OR by Mr Lavoifier and the 
French 
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F* 5 Of Lime, Magnefi ia, Barytes, _—_ rgilt. 


The compofition of theſe four wind is natalie 
unknown, and, until by new diſcoveries their 
conſtituent elements are aſcertained; we are cer- 
tainly authoriſed to confider them as ſimple bo- 
dies. Art has no ſhare in the production of 
theſe earths, as they are all procuręd ready 
formed from nature; but, as they have all, e- 
ſpecially the three firſt, great tendency to com- 
bination, they are never found pure. Lime is 
uſually ſaturated: with carbonic acid in the ſtate 
of chalk, calcareous ſpars, moſt of the marbles, 

c.; ſometimes with ſulphuric acid, as in gypſum 
and plaſter ſtones; at other times with fluoric 
acid forming vitreous or fluor ſpars; and, laſtly, 
it is found in the waters of the ſea, and of ſaline 
ſprings, combined with muriatic acid. Of all the 

ſalifiable baſes, it is s the moſt univerſally ſpread 
r 112 7 WI SH ann 

Magneſia is found i. in inal waters, for the 
mol part combined with ſulphuric acid; it is 
bin nin! in ſea· water, united with muri- 

S ie SUSAN 1 321 * b ME 
„Aigen ena Wan: 

Fi rench chemiſts... Thin, trona, * among, are equally | 
convenient for uſe as potaſſa or potaſh, ſoda, and ammo- 
niac, and they are not 0 apt to lead into miſtakes; for the 5 
words of the new French chemical nometiclature have too 
much reſemblance to old terms uſed for very different ſub- 
ſtances, br at leaſt for very eee, 
; ** . 410 or 
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atic acid; and it exiſts in a great. number of 
ſtones of different kinds. 

Barytes is much leſs common ink the two 
preceding earths; it is found in the mineral king- 
dom, combined with ſulphuric acid, forming 
heavy ſpars, and ſometimes, de e 
ted to carbonic acic. 

Argill, or the baſe of alum, having Jefs ten- 
dency to combination with the other earths, is 
oſten found in the ſtate of argill, uncombined 
With any acid. It js chiefly procurable from 

clays, of which, properly Ys it is the baſe, 
or en ingredient*, 

On the qth-of Newinher 1793, Dr Hope, 
no aſſbeiated in the Edinburgh chemical chair 
wich Dr Black, read to the Royal Society of E- 
dinburgh, a very elaborate. analyſis of a non- 
deſeript mineral from the mines of Strontian in 
Argyleſhire 3 to which, from its place and ſtrue- 
ture, he gives the name of Strontitic ſhars and 
which he finds to conſiſt of a peculiar earth, hi- 
therto undiſcoyered in any other mineral body, 
combined with carbonic acid. To this earth he 
has aſſigned the name of Strontites, which agrees 
very well with the new nomenclature; only that, 
perhaps, Strontita would have been more regular, 
for the reaſons mentioned in the two preceding 
e. In this lewentafg n a detailed ac- 

count 

* eee given io "the, > 
note, Dr Black propoſes to name theſe four ſimple earths, 
Galea, Magneſia, Baryta 2nd 5 Ag: —T, 
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count of this important diſcovery cannot be given; 
for which the reader is referred to the Tranſac- 
tions of the Royal Society of Edinburgh. Stron- 
tites has a pungent acrid taſte ; is foluble both in 
hot and cold water, but much more ſo in hot, 
from which it cryſtalizes in cooling; : its cold ſo- 
lutions attract carbonic acid from the atmoſphere, 
form a cruſt of carbonate of Strontites on the ſur- 
face, which breaks and falls to the bottom, ex- 
aQly as in lime, and is rediſſolved by an exceſs 
of acid. Strontites combines with the various 
acids, forming neutral ſalts ; ; and poſſeſſes diffe- 
rent affinities with the acids from the other known 
earths. One of its moſt remarkable properties, 
both when pure and in combination with the 
acids, is that of tinging the flame of combuſtible 
bodies of a deep blood red colour; to produce 
which effect, however, ſome moiſture muſt be 
preſent. The order of affinities of the principal 
acids with Strontites, as determined by Dr Hope” 8 
experiments, is as follows: 


Sulphuric. Nitric. is N Acetous. | 
. Oxalic. |  Mouriatic, | Arſeniae. 
Tartarous. Succinie. Borgcie. 

Fluoric. Phoſphotie. Carbonie. 


Its order of afficicties with the ſeveral acids 
relative to the other ſalifiable baſes, ſo far as aſ- 
certained by Dr Hope, are inſerted in the reſpec- 
tive * in Part II“.“ 8 17 k 
eie $ 5. Of 
* The whole of this account of Strontites, was added by 
the tranſlator to the third Edition.— T. 
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2 AR 4 5. . Metallic Baer 
ROW UE N 

The metals, — gold, and „ ATR fil- 
Jer, are rarely found in the mineral kingdom i in 
their metallic ſtate, being uſually leſs or more 
ſaturated with oxygen, or combined with ſu]- 
phur, arſenic, ſulphuric acid, muriatic acid, car- 
boni acid, or phoſphoric acid. Metallurgy, or 
the docimaſtic art, teaches the means of ſepara- 
ting them from theſe foreign matters ; and for 
this;purpoſe we refer to ſ uch chemical books as 
treat upon theſe operations. 

We are probably only acquainted as s yet with 
2 part of the metallic ſubſtances exiſting in na- 
ture, as all thoſe which have a ſtronger affinity 
to oxygen than carbon poſſeſſes, are incapable, 
hitherto, of being reduced to the metallic ſtate, 
and conſequently, being only preſented to our 
obſervation under the form of oxyds, are con- 
founded with earths. It i is. extremely probable 
that barytes, which we have juſt now arranged 


with earths, is in this ſituation; for in many ex- 


periments it exhibits properties nearly approach- 
ing to thoſe of metallic bodies. It is even poſ- 
fible that all the fübſtances we call earths may 
Be only metallic oxyds, irreducible by 925 1108 
therto' known proceſ es. 
-2®Thoſe' metallic bodies on at Se ac. 


RE and which we can reduce to: the 


metallie 


* 
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metallic or reguline ſtate, are the following fo- 


yenteen. 


Latin Names. 


3. Tungſtenum 


4. Manganeſum 
5. Nickolum 


56. Cobaltum 


5. Biſmuthum 
8. Antimonium 


9. Zincum 
10. Ferrum 
11. Stannum 
12. Plumbum 
13. Cuprum 
14. Mercurium 
LI5. Argentum 
16. Aurum 
1 17. Platinum 


E. 3h 
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Arſenic. _. 
 'Molybdena. 
Tungſtein. 
Manganeſe. 
Nickel. 
Cobalt. 
Biſmuth. 
Antimony. 
inc. 
Iron. 
Tim 


Copper. 
Mercury. 


Silver. 


Gold. 


[7 1 


OY I vid of mean to conſider theſe as Galifable bales, | 
without entering at all upon the conſideration of 
their properties i in the arts, and for the uſes of 
5 ſociety. If. theſe points of view each 2 


SE 


lead me far depend the bounds I have preſeribed 


for this work. 


1 
! $.6, Of 
© * : 2 
* 
= » + # ; 
* - 


"$6. Of the Metallic Nature of the Earth; +, 


In the laboratory of the Academy of * mines 
at Chemnitz in Lower Hungary, ſome experi- 
ments have been lately made, by Meſſts Tondi 
and Ruprecht, by which the number of the me- 
tals ſeems to be confiderably augmented,” Beſides 
aſcertaining. the real metallic nature of Tung- 
ſtein, Molybdena, -and Manganeſe, which ſome 
chemiſts had doubted, but all of which have 
been reduced to the reguline form by theſe two 
chemiſts, they have ſucceeded in procuring me- 
tallic reguli from Chalk, Magneſia, and Barytes. 
Of theſe experiments it may be proper to give 
Tome account in this place, from the deſcription 
of the cabinet of OY ow of Vin. 
by Baron . | Ie 


28 ne 


After . . ſome. Barytes, by re- 
peated fuſions and precipitations, it was mixed 
with an eighth part of its weight of powdered 
charcoal, and made into a paſte with lintſeed 
oil; this, was put into a crucible, ſurrounded. 
by powdered charcoal, and ſubmitted to a ſtrong 
melting heat for an hour and a half. A perfect 
metallic regulus was eg. of an iron-grey 

Em: colour 


0 * The whole of chis ſection was added by hd Tran- 
flator to the ſecond editio 
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colour and uniform metallic luſtre; its texture 
is lamellated, compoſed of large diſtin lamellz, 
which croſs each other; it is brittle, but not 
hard, and readily takes a poliſh ; is attracted by 
the magnet, notwithſtanding every poſſible pre- 
caution to ſeparate any martial oxyd which might 
have previouſly been mixed with the mineral. 
The ſpecific gravity of this new metal is 6. 744. 
water being taken as unity. 


| Magnefi. 
5 troptain the bene of nil in the 


ſame manner, they obtained a convex lump or 


globule of metallic regulus, of a bright grey co- 
lour, ſimilar to platina which has not been fully 
Purified from iron. This regulus is harder than 

thoſe obtained. from tungſtein or molybdena, it 
is granular and ſomewhat ſtriated in its texture 
when broken, and is not affected by the magnet. 
Its ſpecific gravity, and other Ee have 
| N wm ID 


8 foes 09 


By the ſame method of proceeding, A — 
has likewiſe been procured from carbonat of 
chalk. The button was convex and very com- 
pact i in its texture; ; in colour and lyſture it came 
very near to the Appearance of platina, and it 
took a \ fine poliſh. Its ſpecific gravity, and che- 


mical 
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mica] ER have not yet been aſcertained by 
experiment. ; * 

Theſe experiments have been frequently re- 
peated by the above-mentioned gentlemen, and 
always with the ſame reſults. Should they e- 
ventually be confirmed by rigorous examina- 
tion, a new light will be thrown on ſeveral of 
the moſt difficult parts of chemiſtry by theſe diſ- 
coyeries, which have already been in a great 
meaſure predicted, by the conjecture of Mr La- 
voiſier, who ſuppoſes that thoſe ſubſtances, which 
have long been conſidered as primitive earths, 
are only metallic oxyds combined with oxygen, 
and that their reduction has hitherto been pre- 
vented by the attraction which ſubſiſts between 
them and oxygen being e than dun ered 
tween oxygen and carbon 7 

Mr Baron Born adds to the abowk n 

that he expects ſoon to learn that the ſiliceous 
« and argillaceous earths are [likewiſe metallic 
< oxyds, and that, in this caſe, the whole claſs 
of earths and ſtones will difappear from the 
* mineral kingdom. The diſcovery is certainly 
one of the moſt important that modern che- 
« miſtry has produced for a long while; it muſt | 

. have great influence in changing our metal- 
. lurgic proceſſes, which will thereby become 
« more certain in their reſults, and more ſcien- 
« tific in their application ; even every branch 5 
5 of cr may receive conſiderable light 
| 37 43 And 
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„ and improvement from their influence. Per- 


haps gold and filver are the only. pure metal- 


„lic ſubſtances hitherto known, as it is proba- 
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ble, that ſome part of the, till now unknown, 
metals, from the earths employed for facilita- 
ting the ſmelting of ores, may mix with the 
metals which we extract from theſe ores, and 
debaſe them; ſo that, inſtead of ſimple or 


pure metals, which they were formerly con- 
fidered, theſe may only be alloys, of the in- 
gredients of which we are ſtill ignorant. Per- 
haps the regulus of barytes and of chalk are 


ſoluble in the ſame acids, and precipitated by 


the ſame elective attractions, as the regulus 
cc 


of copper, which may be the cauſe; of this 
mixture not being hitherto ſuſpected. . From 
this mixture, or alloyage, the harſhneſs and 


greater or leſſer ductility of iron, copper, tin, 


and other metals, may be derived. All theſe 


cCconjectures can only be aſcertained or rejects | 
ed, when all theſe newly diſcovered metals 

„ {hall have been properly examined, and their 
« chemical affinities. compared accurately, with 
thoſe of the metals already known, and with . 


each other. One thing ſeems. highly proba- 


„ ble, that one or other of theſe new metals 
will precipitate ſome of the other metals from 


* ſolutions in a metallic form, and by this pro- 
perty many metallurgic proceſſes may become 
ee e and abridged.“ 208 57 

t nan 404 Theſo 
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"Theſe diſcoveries give reaſon to hope that 
chemiſtry may one day arrive at a moſt beauti- 
ful ſtate of ſimplicity. It is perhaps no im- 
probable conjecture, that all the bodies in na- 
ture may be referred to one claſs of ſimple com- 
buftible elementary ſubſtances, to oxygen, and 
to caloric ; and that, from the various combi- 
nations of theſe with each other, all the variety 
produced by nature and art may arife. The on- 
ly known difference between metals and pure 
combuſtibles, as they are called, is in degrees of 
qualities: They are all combuſtible, that is, they 
all combine with oxygen, though under differ- 
ent degrees of temperature : 'They are all ſolid, 
or liquid, or atrifom, fixed or volatile at differ- 
ent temperatures: In different degrees of ſatu- 
ration with oxygen, they form oxyds, which 
have alkaline properties, or acids. In the ſtate 
of oxyds, the formerly known metals have all 
the properties of what were formerly called 
primitive earths, which are now at leaſt ſuſpect- 
ed of being metallic oxyds: Even the aëriform 
nature of hydrogen and azot, which does not 
ſeparate them from the reſt ſo far as combuſti- 
bility is concerned, is only a difference in degree 
of volatility. We do not exclude mercury from 
the metals becauſe it is volatile in the tempe- 
rature of 600, and fuſes at —q0®, though iron 
is fixed at 24000 according to Mr Wedge- 

wood's experiments, and requires 25077* for its 


fulien ; why: then ſhould Argon and azot be 
excluded 


V 
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excluded ſrom a chk with which they agree 
in ſo many particulars, becauſe their. points 'of 
fuſion and, volatility are perhaps as many degrees 
below thoſe belonging to mercury as this latter 
falls ſhort of thoſe of iron; or why ſhould car- 
bon, ſulphur, and phoſphorus; not be conſidered 
as metals, becauſe. thefr ſpecific grayity, and luſ- 
tre, and ductility, differ from the bodies called 
metals, which differ ſo much in theſe pnticnlone 
among themſelves ? _ 

To theſe three. new metals Mr Tondi * 
to give the names of borbonium, for the regulus 
of barytes; auſtrum, for the regulus from mag- 
neſia; and parthenum for that of chalk. It 

were hard to deny a diſcoverer the right of gi- 
ving names to his own diſcoyeries, without ſome 
reaſonable. objection; but theſe names would. 
introduce confuſion into chemical nomencla- 
ture, which it has been the great object of the 
French chemiſts to reform, and render regular; 
wherefore I would propoſe that they ſhould be 
named barytum, magneſium, and calcum: Theſe 
accord with the reformed old names of the ſub- 
ſtances from which they are procured, merely 
by changing to the neuter gender, in which all 
the names of the metals are placed in the new 
nomenclature, and then the three, formerly cal - 
led earths, will be oxyds of theſe metals reſpec- 
tively, 'or baryta, magnefia, and calca, if ſingle 
tene are preferred, theſe latter being in the femi - 

| Fo, | nine 
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nine gender, which is appropriated to alkaline 
fubſtances in the new nomenclature. 
It muſt not, however, be concealed, that the 
truth of theſe diſcoveries is ſtrongly conteſted by 
very eminent chemiſts ; who inſiſt that the metal- 
lie buttons, produced in the experiments of Meſſrs 
T.oondi and Ruprecht, ariſe entirely from the 
manganeſe and iron of the charcoal, or from fome 
fimilar alloyage of materials from the crucibles or 
teſts employed, and that they have no farther 
pretenſions to be conſidered as diftin& metals 
than the ſiderite, now known to be phoſphorated 
| tron, or than plumbago, or black-lead. . 
Mr Klaproth, a celebrated chemiſt at Berlin, 
has lately diſcovered a new metal, to which he 
gives the name of Uranium; and he diſtinguiſhes 
its various mineral forms by the generic term of 
Uranite. His numerous experiments on this ſub- 
ject are publiſned in Crell's Chemical Journal, 
and in the Annales de Chymie ; and the follow - 
ing general account of the minerals, and of the 
metal, was conſidered as e to be given in 
this place. 701-458 
The Uranite occurs in Cond "TIO which | 
were formerly overlooked, by chemiſts and mi- 
neralogiſts, being conſidered as very poor ores 
of copper, becauſe they moſtly contain a little 
of that metal: They are chiefly found near 
Johan- geor zen Stadt in Saxony, Salfeldt in 
N NG POTION in Bohemia: 
3 . - Theſe 
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Theſe may be divided into three (genera, the 
ochreous, the ſpathiform, and the mineralized, 
or ore. The ochreous, or uranite ochre, called 
uranit-oker, in the German language, is of a le- 
mon yellow colour of various ſhades, and being 
frequently more or leſs mixed with iron ochre, 
its colour is thereby changed to various ſhades 
of brown; ſometimes it is in a powdery ſtate, 
and at other times it is caked together in maſſes 
of different degrees of compactneſs ; it is gene- 
rally found covering or adhering to pieces of 
the mineralized uranite. The ſpathiform, or 
uranite ſpar, called in German uranit-ſpath, the 
chalkolith of Mr Werner, is generally of a deep 
graſs green colour, ſometimes verging to a ſilver 
white, and at other times to a light yellowiſh 
green; it is ſometimes compact and irregular in 
its form, and is ſometimes cryſtallized in ſmall 
ſhining ſquare and tranſparent tables, which are 
occaſionally ſo thick as to be almoſt cubes; 
theſe cryſtals are lamellated in the fracture, and 
feel ſoft to the touch ; they are often found in 
ſpots, ſcattered over the ſutface of micaceous 
ſhiſt, granite, or a mixture of quartz and black 
uranite ore. Both the ochre and ſpar diſſolve en- 
tirely in nitric acid. The mineralized, or uranite 
ore, called in German uranit-erz, pecb. blende, or 
pech-erx, is of a dark black-brown colour; it is to- 
lerably hard, has a greaſy luſtre, breaks compact, 
and is black where fcratched ; it is very heavy, 

| P 2 | the 
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the ſpecific gravity being 7.500; it does not melt 
in the fire by itſelf, but is reduced under the 
blow-pipe with the addition of phoſphoric acid, 
to a green vitreous globule ; it diſſolves imper- 
fectly in the acids, but beſt in the nitrous, the 
diſſolution being of a pale white-wine colour. 
Uranium, the metal procured from theſe mi- 
neral ſubſtances, is even more difficultly fuſed 
than manganeſe ; its ſpecific gravity is 6.440; it 
is of a dark grey colour, becoming brown when 
ſcratched; its brilliancy is flight; and it is rather 
ſoft, being eaſily cut with a knife or file. It diſ- 
_ folves very imperfectly in the ſulphuric-and mu- 


| riatic acids, but very readily, and with conſide- 


Table evolution of heat, in nitric and nitro-mu- 

riatic acids: From this diſſolution its oxyd is 
. precipitated of a yellow colour by the pure alka- 

les, and the precipitates are re-diſſolved by an 
exceſs of alkali; with the alkaline carbonats the 
. precipitates are whitiſh, and reddiſh brown when 

the pruſſiats are employed: Theſe oxyds do not 
melt under the blow-pipe, without addition, but 
with ſoda and borax they melt into a brown 
button, and with Phoſphoric acid the button is 
of a green colour. 
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CHAP. XVII. 


Continuation of the Obſervations upon Salifiable 
Baſes, and the Formation of Neutral Salts. 


T is neceſſary to remark, that earths and al- 
1 kalies unite with acids to form neutral 
ſalts without the intervention of any medium, 
| whereas metallic ſubſtances are incapable of 
forming this combination, without being pre- 
viouſly leſs or more oxygenated ; ſtrictly ſpeak- 
ing, therefore, metals are not ſoluble in acids, 
but only metallic oxyds. Hence, when a me- 
tal is put into an acid for ſolution, it is neceſſary, 
in the firſt place, that it become oxygenated, 
either by attracting oxygen from the acid, or 
from the water with which the acid is diluted; 
or, in other words, that a metal cannot be dit. | 
ſolved in an acid, unleſs the oxygen, either of 
the acid, or of the water mixed with it, has a 
ſtronger affinity to the metal than to the hydro- 


gen or the acidifiable baſe ; or what amounts to 


the ſame thing, that no metallic diſſolution can 
take place, without a previous decompoſition of 
the water, or of the acid in which it is made. The 
explanation of the principal phenomena of me- 

2 tallic 
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tallic diſſolution depends entirely on this imple 
obſervation, which was overlooked eyen by the 
illuſtrious Bergman. : 

The firſt and moſt ſtriking of theſe phenome- 
na 15 the efferveſcence, or, to ſpeak leſs equivo-. 
cally, the diſengagement of gas, which takes 
place during the ſolution ; in the ſolutions made 
in nitric acid, this efferveſcence is produced by 
the diſengagement of nitrous gas; in ſolutions 
with ſulphuric acid it is either ſulphurous acid 
Zas or hydrogen gas, according as the oxydation 
of the metal happens to be made at the ex- 
Pence, of the ſulphuric acid or of the water, 
As both nitric acid and water are compoſed of 
elements which, when ſeparate, can only ex iſt 
in the gaſſeous form, at leaſt in the common 
temperature of the atmoſphere, it is evident 
that, whenever either of theſe js deprived of its 
axygen, the remaining element muſt inſtantly 
expand and aſſume the ftate of gas; the effer- 
velcence is occaſioned; by this ſudden conver- 
fon from the liquid to the gaſſeous ſtate. The 
ſame decompoſition, and conſequent formation 
of gas, takes place when ſolutions of metals are 
made in ſulphuric acid: In general, eſpecially 
by the humid way, metals do not attract all the 

oxygen it contains; they therefore reduce it, not 
into ſulphur, but into ſulphurous acid, and as 
ca acid can OT exiſt as gas in the uſual tem- 
perature, 
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perature, it 1s diſengaged, and occaſions effer- 
veſcence. 

The ſecond obſervable phenomenon is, that, 
When the metals have been previouſſy oxydated, 
they all diſſolve in acids without efferveſcence: 
This is eaſily explained; becauſe, not having now 


any occaſion for combining with oxygen, they 


neither decompoſe the acid nor the water, by 
which decompoſition, in the former caſe, the 
effexveſcence is o ſioned. 


A third phenomenon, Which requires 1 ; 


_ cular conſideration, is, that none of the metals 
produce efferveſcence by ſolution in oxygenat- 
ed muriatic acid. During this proceſs the me- 
tal, in the firſt place, carries off the exceſs of 


oxygen from the oxygenated muriatic acid, by 
which it becomes oxydated, and reduces the 
acid to the ſtate of ordinary muriatic acid. In 


this caſe there is no production of gas; not that 
the muriatic acid does not tend to exift in the 


gaſſeous ſtate in the common temperature, which 


it does equally with the acids formerly mention- 
ed, but becauſe this acid, which otherwiſe would 
expand into gas, finds more water combined with 
the oxygenated muriatic acid than is neceſſary 
to retain it in the liquid form; hence it does not 
diſengage like the ſulphurous acid, but remains, 


and quietly diffolves and combines with the me- 
tallic oxyd previouſly formed from ity fuperabun- 


dant oxygen. 


1 | The 
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The fourth phenomenon worthy of notice is, 
that metals are abſolutely inſoluble in ſuch acids 
as have their baſes joined to oxygen by a ſtrong- 
er affinity than theſe metals are capable of ex- 
erting upon that acidifying principle. Hence 
ſilver, mercury, and lead, in their metallic ſtates, 
are inſoluble in muriatic acid, but, when previ- 
ouſly oxydated,  they' become ba ne 
without efferveſcence., 

From theſe phenomena it appears Gin ney 
gen is the bond of union between metals and 
acids; and from this we are lead to ſuppoſe that 
oxygen is contained in all ſubſtances which have 
a ſtrong affinity with acids: Hence it is very pro- 
bable that the four eminently ſalifiable earths 
contain oxygen, and that their capability of u- 
niting with acids is produced by the intermedia- 


tion of that element. What I have formerly 


noticed relative to theſe earths, viz. that they 
may very poffibly be metallic oxyds, with which 
oxygen has a ſtronger affinity than with carbon, 
and conſequently are not reducible by any known 
means, is rom. rag the e dh _ _—_— 
conſiderations,” 

All the ackivSithert: e are 1 
| in the following table; the firſt column contains 
the names of the acids, according to the new 
nomenclature, in Latin; in the ſecond column, 
8 Engliſh names, according to the ſame no- 
. | 
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menclature, are placed ; the third contains the 
baſes or radicals of theſe deids. 


Table of all the known deids 


Latin Names. Engl 1 Nana Ba ſes. 
x. Acidum ſulphuroſum Sulphurous acid 8 
1 . — Sulphuric _ Paar 
.— pho phoroſum Phoſphorous by 
- — — phoſphoricum — n Phoſphorus 
5. muriaticum Muriat ice e 4 
6. oxygenatum *Oxygenated wuristie aa ces 
7. —— nitroſum  Nitrops bh, OS 
8. — nitricum Nittic/ _—_ 
9. —— t Oxygenated nitric | cbs. 
10.— carbonicum Carbonic Carbon 
11, —— acetoſum „Access = 
12. aceticum Acetic * 
13.— oxalicum Oxalic Noth 
14. tzrtaroſum Tartarouhns Jos 
15. — pyro: tartaroſum Pyro: tartarous e 
16. — citricum Citric 1 4 
17, — malicum Malic 
18. pyro- lignoſum Pyro: lignous 
19.— W TI ON Fo og 
| 15 2819 3 | 8 8 5 N cis om 20. Acidum 


- 
* * 


This term alt be changed for Acidum miei 
cum Murioxic N 


* % 


4 In a e 108 Hydrogen is mentioned _ the ſup⸗ 
mu baſe of this: acid _ A 11 12154 7g 7 17 1 


t This might more Sevo be named Acidum 
nitroxicum, or Nitroxic acid —T. 
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Latin Names. \ Engliſh Names. F mne 
20. Acidum — 4 _ Gallic 


21, pruificum Pruſſic 
22, benzoicum — 

Cnr 
23. ſuccinicum Succinic 
24. See Obſ. 2d. 
25. — lacticum Lactic 


26. ſaccho· lacticum Saccho- lactio 


27. bombicum Bombic 


camphoricum Cam phoric | ” 


28. formicum Formic Compound, 
29.— ſebacicum _ 1 See Obſ. 3d. 
30. — boracicum , Boracic | 25 
31. — fluoricum Pluorio Narr 2 

32.— autimonicum Antimdnie 
33. atgenticum | Argeatic £5267 2 | 
36 eniacum dane. - | Arſenic 


36. — cobalticum Cobanie oba 


37. — cupricum Cuprie Copper 

33, —— ſtannicum, | Stannie Tin 

39- —ferricum _ Ferric; Tron 

40. manganicum Manganic MM 77 

41, —— mercuricum 1 Mercuric Mercury 

42. —— molybdicum Molybdie Molybdena 

43.— -.- +» .. Nickohe —_/ Nickel... 855 
een ͤ e, ͤ er 


r 


WP ay [This term | differs a little from the — rule, in 
making the name terminate in ac inſtead of ic. The baſe 
and acid are diſtinguiſhed in French by Arſenzc and Ar- 
ſenigue; but, a8. the ſyllable ic was thought moſt. conve- | 
nient for the Engliſh. tranſlation of the French igue, it 
en en to ie this ſmall deviation —T. 


51 11 FJ 


| 5 Mr Laveifer- hes Bae FF as 8 
being 1 uſed for the metal or baſe, the name of this ned, 83 
above, is at leaſt equally regular, and leſs harſh, —T. 
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Latin Names.  FEnghſh Names. Baſes. 
45. Acidum platinicum Platinic Platina 
46.— plumbicum Plumbic Lead ; 
4. tungſticum Tungſtic Tungſtein 
48. Zincicum Zincic Zine 


Obſervations on the foregoing Table. 


1/t, The baſes or radicals of the acids from 
Ns 11. to Nè 19. incluſive, ſeem to be formed by 
a combination of carbon and hydrogen; and the 
only difference appears to proceed from the dil- 
ſimilar proportions in which theſe elements com- 
bine to form the baſes of theſe acids, together 
with the different quantities of oxygen in their 
acidification. A connected ſeries of accurate ex- 


periments is ſtill wanted to illuſtrate this _—__— 


in a ſatisfactory manner. 
24, The baſes or radicals of the acids from 
No 20. to 26. incluſive, are hitherto very imper- 


fetly known; we only know that hydrogen and 
carbon are their principal elements, and that the 


pruſlic acid contains likewiſe ſome azot. 


34, The baſes of the acids 27, 28, 29, and all | 


"others obtained from animal ſubſtances, are ſtill 
very imperfectly known, and require farther in- 
veſtigation; for they ſeem to conſiſt of carbon, 


hydrogen, phoſphorus, and azot, united toge- 
ther, but the particular proportions of theſe ele- 


ments in each, and the degrees of 0xydntions: are 


unaſcertained. 
In 
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In this lift, which contains 48 acids, I have 
enumerated 17 metallic acids hitherto very im- 
perfectly known *, but upon which Mr Berthol- 
let is about to publiſh a very important work. 
It cannot be pretended that all the acids which 
exiſt in nature, or rather all the acidifiable ba- 
ſes, are yet diſcovered ; but on the other hand, 
there axe l grounds for ſuppoſing 
that a more accurate inveſtigation than has hi- 
therto been attempted, will diminiſh the num- 
ber of the vegetable acids, by ſhewing that ſe- 
veral of theſe, at preſent conſidered as diſtinct 
acids, are only modifications of others. All that 
can be done in the preſent ſtate of our know- 
ledge is, to give a view of chemiſtry as it really 
is, and to eſtabliſh fundamental principles, by 
which ſuch bodies as may be diſcovered in future 
may receive names, in conformity with one uni- 
form ſyſtem. 

The known ſaliflable baſes, or ſubſtances ca- 
pable of being converted into neutral ſalts by 
union with acids, amount te 24; viz. 3 alkalies, 
4 earths, and 17 metallic ſubſtances; ; ſo that, 
in the preſent ſtate of chemical knowledge, the 
f whole poſſible number of neutral falts amounts 
0 to 


"6 The lit might dave been augmented by the bea 
acids from the newly diſcovered metals, mentioned in the 
additional ſection of the former chapter: It is not impol- 
ſible that the baſes of the Boracic and Fluoric acids may 
hereafter be diſcovered among theſe new metals, —T. 


" 
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to 1152 *. This number is upon the ſuppoſi- 
tion that the metallic acids are capable of diſ- 
ſolving other metals, which is a new branch of 
chemiſtry, not hitherto inveſtigated, upon which 
depends all the metallic combinations named 
vitreous. There is reaſon to believe that many 
of theſe ſuppoſable ſaline combinations are not 
capable of being formed, which muſt greatly 
reduce the real number of neutral ſalts produ- 
cible by nature and art. Even if we ſuppoſe 
the real number to amount only to five or ſix 
hundred ſpecies of poſſible neutral falts, it is e- 
vident that, were we to diſtinguiſh them, after 
the manner of the older chemiſts, either by tlie 
names of their firſt diſcoverers, or by terms de- 


| rived from the ſubſtances from which they are 


procured, we ſhould at laſt have ſuch a confu- 
ſion of arbitrary .defignations, as no memory 
could poſlibly retain. This method might be to- 
lerable in the early ages of chemiſtry, or even 
till within theſe twenty years, when only about 


thirty ſpecies of ſalts were known; but, in the 


preſent times, when the number is augmenting 
daily, when every new acid gives us 24 or 48 
new ſalts, according as it is capable of one or 
115 e 506 247300 AO 

* This number excludes all triple ſalts, or ſuch as con- 

_ tain more than one ſalifiable baſe, all the ſalts whoſe baſes 


are over or under ſaturated with acid, and thoſe formed 
by the nitro-muriatic acid.—T. > * 2. | 
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two degrees of n en a new method is 
certainly nacefſary. The method here adopted, 
drawn from the nomenclature of the acids, is 
perfectly analogical, and, following Nature in 
the ſimplicity of her operations, gives a natural 
and eaſy nomenclature, applicants to every poſ- 
ſible neutral ſalt. | 
In giving names to the diffeverit acids, we 
have expreſſed the common property by the ge- 
nerical term acid, and have diſtinguiſhed each 
ſpecies by the name of its peculiar acidifiable 
baſe. Hence the acids formed by the oxygena- 
tion of ſulphur, phoſphorus, carbon, &c. are 
called ſulpburic acid, phoſpboric acid, carbonic 
acid, &c. We thought it proper likewiſe to 
indicate the different degrees of ſaturation with 
oxygen, by different terminations of the ſame 
ſpecific names : Wherefore we diſtinguiſh be- 
tween ſulphurous and ſulphuric, and between 
phoſphorous and phoſphoric acids, cc. 
By applying theſe principles to the nomen- 
clature of neutral ſalts, we uſe a common term 
for all the neutral ſalts ariſing from the combi- 
nations of one acid, and diſtinguiſh the ſpecies 
by adding the name of the ſalifiable baſe. Thus, 
all the neutral ſalts having ſulphuric acid in their 
- compoſition are named ſulphats; thoſe formed 
by the phoſphoric acid, pho/pbats, &c. The 
- ſpecies being diſtinguiſhed by the names of the 
| ſalifiable gives us ſulphat of potaſh, fulphed of 
oda, 
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oda, ſulpbat of ammoniac, ſulpbat of lime, ſulphat 
of iron, &c. As we are acquainted with 24 ſali- 
fiable baſes, alkaline, earthy, and metallic, we 
have conſequently 24 ſulphats, as many phof- 
panty, and fo on through all the acids. 

Sulphur is, however, ſuſceptible of two de- 
grees of oxygenation, the firſt of which produ- 
ces ſulphurous, and the ſecond, ſulphuric acid ; 
and, as the neutral falts produced by theſe two 
acids have different properties, and are in fact 
different ſalts, it becomes neceſſary to diſtin- 
guiſh thoſe by peculiar terminations ; we have 
therefore diſtinguiſhed the neutral ſalts formed 
by the acids in the firſt or leſſer degree of oxy- 
genation, by changing the termination at into 
ite, as ſulphites, phoſpbites *, &c. Thus, oxy- 

. genated 


* As all the ſpecific names of the acids in the new no- 
menclature are adjectives, they would have applied ſeve- 
rally to the various falifiable baſes, without the invention 
of other terms, with perfect diſtinctuefs. Thus, ful pbu- 
rous potaſh, and ſulphuric potaſb, are equally diſtinct, as 
ſulphite of potaſb, and fulphat of potaſh ; and have the ad- 
vantage of being more eaſily retained in the memory, be- 
cauſe more naturally arifing from the names of acids 
themſelves, than the arbitrary terminations adopted ;by 
Mr Lavoiſier. Thefe propoſed terms are likewiſe very 
readily and diſtinctly expreſſible in Latin, thus, Potaſſa, 
or rather, as I have formerly obſerved," Lira, Sulpburuſa, 
and Sulpburica, and are equally diſtinctive with, and more 
readily remembered than, the Latin terms of the new no- 
menclature, Salpbis and Sulphas Potaſſæ.— T. 
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genated or acidified ſulphur, in its. two degrees 
of oxygenation, is capable of forming 48 neu- 
tral ſalts, 24 of, which are ſulphites, and as ma- 
ny ſulphats : This! is likewiſe the caſe with all 
the acids capable of two degrees of oxygena- 
tion *. 

It were both 3 7 r to fol- 
low theſe denominations through all the varie- 
ties of their poſſible applications; it is enough 
to have given the method of naming the various 
ſalts, which, when once well underſtood, i is ea- 
ſily applicable to every poſſible combination. 
The name of the combuſtible and acidifiable 
body being once known, the names of the a- 
cid it is capable of forming, and of all the neu- 
tral combinations the acid is ſuſceptible of en- 

tering 

There is yet a third degree of oxygenation of ſeveral 
acids, as the oxygenated muriatic and oxygenated nitric a- 
cids. The terms applicable to the neutral ſalts reſulting | 
| from the union of theſe acids with falifiable baſes is ſup- 
plied by the Author in the Second Part of this Work. 
Theſe are formed by prefixing the word oxygenated to 
the name of the ſalt produced by the ſecond degree of 
oxygenation. Thus, oxygenated muriat of potaſh, oxyge- 
nated nitriat of ſoda, &c. Or if the change I have pro- 


Phy poſed in a former note on the nomenclature of theſe two 


acids be adopted, we ſhall have murioxic and nitroxic pot- 
aſh or lixa, in Latin Lixa murioxica, Trona nitroxica, in- 
ſtead of the much longer, and not more diſtinQive expreſ- 
fions, Murias potaſſee oxygenata, Nitras ſodæ oxygenata,— 
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tering into, are moſt readily remembered. Such 
as require a more complete illuſtration of the 
methods in which the new nomenclature is ap- 
plied, will, in the Second Part of this book, find 
Tables which contain a full enumeration of all 
the neutral ſalts, and, in general, of all the poſ- 
fible chemical combinations, ſo far as is con- 
ſiſtent with the preſent ſtate of our knowledge. 
To theſe I ſhall ſubjoin ſhort explanations, con- 
taining the beſt and moſt ſimple means of pro- 
curing the different ſpecies of acids, and ſome 
account of the general properties of the n 

ſalts they produce. 

I ſhall not deny, that, to render this niche 
more complete, it would have been neceſſary to 
add particular obſervations upon each ſpecies of 
falt ; its ſolubility in water and alkohol; the 
_ Proportions of acid and of ſalifiable baſe in its 
compoſition ; the quantity of its water of criſ- 
talization; the different degrees of ſaturation 
it is ſuſceptible of; and finally, the degree of 
force or affinity with which the acid adheres to 
the baſe, This immenſe work has been already 
begun by Meſſ. Bergman, Morveau, Kirwan, 
and other celebrated chemiſts, but is hitherto on- 
ly in a moderate ſtate of advancement ; even the 
principles upon which it is founded are not per- 
haps ſufficiently accurate. 

Theſe numerous details would have ſwelled 
this elementary treatiſe to much too great a 


2 ſize; 
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ne; beſides that, to have gathered the necef. 
ſary materials, and to have completed all the 
ſeries of experiments requiſite, muſt have re- 
tarded the publication of this book for many 
years. This is a vaſt field for employing the 
zeal and abilities of young chemiſts, whom 1 
would adviſe to endeavour rather to do well 
than to do much, and to aſcertain, in the firſt 
place, the compoſition of the acids, before en- 


tering upon that of the neutral ſalts. Every e- 


difice which is intended to reſiſt the ravages af 
time ſhould be built upon a ſure foundation; 
and, in the preſent ſtate of chemiſtry, to attempt 
diſcoveries by experiments, either not perfectly 
exact, or not ſufficiently rigorous, will ſerve 
only to interrupt its progreſs, inftead of contri- 

buting to a advancement. E 


PART 
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PART I. 
| Of the Combination of Acids with Balke 
flable Baſes, and of the Formation of 
Neutral Salts. 


iel 


INTRODUCTION. 


IF I had ſtrictly followed the plan at firſt 
1 laid down for the conduct of this work, I 
would have confined myſelf, in the Tables and 
accompanying obſervations which compoſe this 
Second Part, to ſhort definitions of the ſeveral 
known acids, and abridged accounts of the pro- 
ceſſes by which they are obtainable, with a mere 
nomenclature or enumeration of the neutral 
ſalts which reſult from the combination of theſe 
acids with the various ſalifiable baſes. But 1 
afterwards found, that the addition of fimilar 
Tables of all the ſimple ſubſtances which enter 


Qz, into 
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into the compoſition of the acids and oxyds, to- 

gether with the various poſſible combinations of 
theſe elements, would add greatly to the utility 
of this work, without being any great increaſe to 

its fize. Theſe additions, which are all contain- 

ed in the twelve firſt ſections of this Part, and 

the Tables annexed to theſe, form a kind of re- 

capitulatian. of the firſt fifteen Chapters of the 

Firſt Part; the reſt of the Tables and Sections 
contain all the ſaline combinations. 

It muſt be very apparent that, in this Part of 
the Work, I have borrowed largely from what 
has been already publiſhed by Mr de Morveau 
in the Firſt Volume of the Encyclopedie par ordre 
des Matteres. I could hardly have diſcovered 
a better ſource of information, eſpecially when 
the difficulty of conſulting books in foreign lan- 
guages is conſidered... I make this general ac- 

knowledgment on purpoſe to ſave the trouble 
of references to Mr de Morveau's work, in the 
courſe of the following part of mine. 


* * 5 . ; * 4 
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TABLE OF SIMPLE SUBSTANCES. | 


Simple ſubſtances belonging to all the kingdoms of Nature, 
which may be conſidered as the chemical elements of bodies. 


New Names. | | .. Correſpondent old Names. 
Engliſh. Latin, W. 
. | Light. 
| Heat, 71 
be” Principle or element o eat, 
Culotic Caloricum | ire, Igneous fluid, | 
Matter of fire and of heat. 
f Dephlogiſticated air, 
Omen Oxygrom {| Emre an 
CY || Baſe of vital air. | 
| 1 ; | Phlogiſticated air or gas, | | 
Azot Azotum | j Mephitis, or its baſe. 1 
N | Inflammable air or gas, or i 
Hy droge Hy droge j the baſe of inflammable air. 
Oxydable and Acidifiable fimple Subſtances not Metallic. 
< 2k . New Hos. | . forreſpendent old Names. 
ulphur * Sulphurum _ 
Phoſphorus Phoſphorum : The ſame names. 
CARS TI PIT 160 7 0 RY J The 2 element of char- 


M.ͤuriatic radical Murium _ „ inen 
Fluoric radical Fluorum an rk anna Sy 
Boracic radical Boracum _ 


8 and Acidifiable ſimple Metallic Bodies. 


| Ney Name. A Gorreſpondent old Names. 
© Antimony Antimoniurm } q Antimony. 
Arſenic Arfenicum -| | Arſenic. 
Biſmuth -  Biſmuthum - ]} | Biſmuth, _ 
Cobalt 'Cobaltum | | Cobalt. 
Copper - Cuprumz - © + I Copper. 
Gold Aurum [ Gold, 
Iron Ferrum | & | Iron. 
Lead Plumbum - | 3 Lead. 
Manganeſe Manganum 57 Manganeſe, - 
Mercury - Mercurium | 29 | Mercury. 
Molybtlena Molybdenum - | & | Molybdena. 
Nickel Nickolum Nickel. 
Platina Platinum I Platina, 
Silver Argentum N | Silver. 
Tin Stannum „ e e 
Tungſtein Tungſtenum ] Tungſtein. 
Zine Zincum 4 L Zine. | 


Q 3 Ss | Sdlifable 
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Salifiable ſimple Earthy Sendsaess, : 
New Name. Correſpondent old Names. 8 


Engliſh. Patin. 
a Chalk, calcareous earth, | 

Lime | Cala Quicklime. 3. 

Magneſia, baſe of Epſom ſalt,. 
e T Caleined or cauſtic magneſia. 
Barytes Baryta * Barytes, or heavy earth. 
Argill Argilla Clay, earth of alum. 
Silex- Silica Siliceous or vitrifiable earth. 
Strontites . Newly diſcovered. (19% 4 


Sxcr. I. Obſervations upon the Table of Simple 
| © Subſtances. | 
The principal object of chemical tpertmetits 
is to decompoſe: natural bodies, ſo as ſeparately 
to examine the different ſubſtances which enter 
into their compoſition. By conſulting chemi- 
cal ſyſtems, it will be found that this ſcience of 
chemical analyſis has made rapid progreſs in 
our own times. Formerly oil and ſalt were 
conſidered as elements of bodies, whereas later 
obſervation and experiment have fhewn, that all 
ſalts, inſtead of being ſimple, are compoſed  - 
an acid united to a baſe. The bounds of ana- 
lyſis have been greatly enlarged. by modern diſ- 
coveries &; the acids are ſhewn to be compoſed. 
of n as an acidifying principle common 
to all, united in each to a particular baſe. 1 
have Prone? hat Mr e had before 
. ae $ 


* See Memoity'of the Acamy for 376, p. . and. 
for 1 56K. 18 


. 
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advanced, that theſe radicals of the acids are not 
al fimple elements, many of them being, like 
the oily principle, compoſed of hydrogen and 
carbon. Even the bafes of neutral. falts have 
been proved by Mr Berthollet to be compounds, 
as he has ſhe wn that ammoniac is compoſed of 
azot and hydrogen. 
Thus, as chemiſtry advances towards perfec- 
tion, by dividing and ſubdividing, it is impoſſi- 
ble to ſay where it is to end; and theſe things 
we at preſent ſuppoſe ſimple may ſoon be found 
gquite otherwiſe. All we dare venture to affirm 
of any ſubſtance is, that it muſt be confidered 
as ſimple in the preſent ſtate of our knowledge, 
and fo far as chemical analyſis has hitherto been 
able to ſhow. We may even preſume that the 
eartlis maſt ſoon ceaſe to be conſidered: as ſimple 
| bodies; they are the only bodies of the ſaliſia- 
ble clafs which have no tendency to unite with 
oxygen; and F am much inclined” to believe 
that this proceeds from their being already fa- 
turated with that element. If ſo, they will 
fall to be conſidered as compounds conſiſting of 
ſimple ſubſtances, perhaps metallic, oxydated to 
a certain] degree. This is only hazarded as a 
probable conjecture; and I truſt the reader will 
take care not to confound what I have.related as 
. truths, fixed on the firm baſis of obſervation 


and experiment, with mere hypothetical _ 
Jations. | 
Q4 | The 
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The fixed alkalies, potaſh, and 4 are o- 
| mitted i in the foregoing Table, becauſe, they are 
evidently compound ſubſtances , though we are 
ignorant as 7 whit are the clements they are g 
e of. | 


For the fame reaſon Calca, Magneſia, and Baryta, 
- ought to have been omitted in this edition, as has been 
explained in p. 219; but, though the tranſlator has taken 
the freedom to make ſeveral obſervations and ſome addi- 
tions, he has not ventured to make any alterations; the 
ſonar wthe ettinliee province of the anthore——T, Kaz 
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; ee of compound nnn and acid ifable "__ | 


Names of _ Redivats 


Oxydable or acidifiable C Nitro muriatic radical *, 
baſes, from the mine- or baſe of the acid "Ws 


ral kingdom. merly called aqua regia. 
[ Tartarous radical or baſe. 
| | Malic 998 2 5 
| | Citric | 5 
Oxydable or acidifiable — | 
hydro-carbonous or - Pyro. tartarous 1 
carbono-hydrous radi-< Oxalic | | 
| cals, from the vege-| Acetous | 
table CR 4} | Succinic | | = 
Benzoic 8 
| Camphoric 8. 
| | Gallic 2 
Lactic | 
Oxydable « or aasee 
radicals from the an eee 4 
mal kingdom, Which WOES ee e 
moſtly contain azot, te 
and frequently phoſ- I ithie 7 | 
4 e e 7177 i 9 
Sxcr. 


© Note —The 1 radicals. from the vegetable kin gdom a are 
converted by a firſt degree of oxygenation into vegetable 


oxyds, ſuch as ſugar, ſtarch, and gum or mucus: Thoſe 


of the animal kingdom by the ſame means n animal 


b. as reg .A. Fl 


{- 


„ This, MY the its may be 3 | bee | 


until the radical of muriatic acid be diſcovered; or, at 
leaſt, till the diſcovery of a TOW that radical be 
unqueſtionably CT. | 


i 
6! 


. n 2 
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fic: II — Obſervations e the 7 able of Com: 
| f Pound Radicals. | 


The older chemiſts "WER unacquainted with 
the compoſition of acids, and not ſuſpecting them 
to be formed by a peculiar radical or baſe for 
each, united to an acidifying principle or element 


common to all, could not conſequently give any | 


name to ſubſtances of which they had not the 
moſt diſtant idea. We had therefore to invent 


a new nomenclature for this ſubject, though we 


were at the ſame time ſenſible that this nomen- 
clature muſt be ſuſceptible of great modification, 
when the nature of the compound ak mall | 
become better underſtood *.. 

The compound oxydable and acidifiable r ra- 
dicals from the vegetable and animal kingdoms, 


enumerated in the foregoing table, are not hi- 
therto reducible to ſyſtematic nomenclature, be- 


cauſe their exact analyſis is as yet unknown. 
We only know in general, by ſome experiments 
of my own, and ſome made by Mr Haſſenfratz, 
that moſt of the vegetable acids, ſuch as 6" 


tartarous, oxalic, citric, malic, acetous, pyro- = 


tartarous, and pyro-mucous, have radicals com- 
”_m of pe e and. Oy" combined” in 
| duch 


® Sce Part I, Chap, XI gon this uta. 
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| ſuch a way as to form ſingle baſes, and that 
- theſe acids only differ from each other by the 
proportions in which theſe two ſubftances enter 
into the compoſition. of their baſes, and by the 
degrees of oxygenation which theſe baſes have 
received. We know farther, chiefly, from the 
experiments of Mr Berthollet, that the radicals 
from the animal kingdom, and even ſome of 
thoſe from vegetables, are of a more compound 
nature, and beſides hydrogen and carbon, that 
they often contain azot, and ſometimes phoſ- 
phorus; but we are not hitherto poſſeſſed of 
' fafficiently accurate experiments for calculating 
the proportions of theſe ſeveral ſubſtances. We 
are therefore forced, in the manner of the older 
chemiſts, ſtill to name thhſe acids after the ſub- 
ſtances from which they are procured. There 
can be little doubt, that thefe names will be laid 
aſide when aur knowledge of theſe ſubſtances 
becomes more accurate and extenſive ; the 
terms, hydro-carbonous, hydra-carbonic, curbona- 
bydrous, and carbono-hydric x, will then become 
ſubſtituted for thoſe we now employ, which will 
| then only remain as teſtimonies of the imperfect 
ſtate in which this part of chemiſtry was tranf- 
mitted to us s by our predeceſſors. | 
> 
See Part I. Chap. XI. upon the application of theſe 
names according to the — two ingredi- 
| ents—A. | 
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It is evident, that the oils, being compoſed of 
hydrogen and carbon combined, are true car- 
bono-hydrous or hydro-carbonous radicals ; and, 
indeed, by adding oxygen, they are conveteible 
into vegetable acids and oxyds, according to 
their degrees of oxygenation. We cannot, how- 
ever, affirm that oils enter in their entire ſtate 


into the compoſition of vegetable oxyds, and a- 


cids ; it is poſſible, that they previouſly loſe a 
: part either of their hydrogen and carbon, and 
that the remaining ingredients no longer exiſt in 
the proportions neceſſary to conſtitute oils. We 
ſtill require farther e to elucidate theſe 
points. 
Properly leaking, we are only doi with 
one compound radical from the mineral king- 
dom, the nitro-muriatic, which is formed by the 
combination of azot with the muriatic radical. 
The other compound mineral acids have been 
much leſs attended to, from 1 TE. leſs 
ſtriking e nN ph | | 


Sxer. m.. ober vation: upon the Combination of | 
Light and Caloric n di 1 92 Subſtances. 


1 have not e any table af the com- 

dinations of light and caloric with the various 
N and W ſubſtances, becauſe our 

conceptions 
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' conceptions of the nature of theſe combinations 
are not hitherto ſufficiently accurate. We 
know in general, that all bodies in nature are 
imbued, ſurrounded, and penetrated in every 
way with caloric, which. fills up every interval . 
left between their particles; that, in certain 
caſes, caloric becomes fixed in bodies, ſo as to 
conſtitute a part even of their ſolid ſubſtance, 
though it more frequently acts upon them with 
_ a repulſive force, from which, or from its ac- 
cumulation in bodies to a greater or leſſer de- 
gree, the transformation of ſolids into fluids, 
and of fluids to atriform elaſticity, is entirely 
owing. We have employed the generic name 
Fas to indicate this aëriform ſtate of bodies pro- 
duced by a ſufficient accumulation of caloric ; 
ſo, that, when we wiſh to expreſs the abriform 
ſtate of muriatic acid, carbonic acid, hydrogen, 
water, alkohol, &c. we do it by adding the word 
gas to their names; thus muriatic acid gas, car- 
bonic acid gas, n Sas, n gas, alko- 
holic gas, Kc. | 
The combinations of light, a its mode of 
acting upon different bodies, are ſtill leſs known 
than : thoſe of caloric. | By the experiments of 
Mr Berthollet, it appears to have great affinity 
with oxygen, is ſuſceptible of combining with it, 
and*contributes along with caloric to change 
it into the ſtate of gas. Experiments upon ve - 
getation give reaſon to believe that light com- 
bines 
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755 bines with certain parts of vegetables, and that 


the green of their leaves, and the various co- 


Iours of their flowers, are chiefly owing to this 


combination. This much is certain, that plants 
which grow in darkneſs are perfectly white, 
languid and unhealthy, and that to make them 
recover vigour, and to acquire their natural co- 
lours, the direct influence of light is abſolutely 


2 neceſſary. Somewhat ſimilar takes place even 
upon animals: Mankind degenerate to a cer- - 


tain degree when employed in ſedentary ma- 


nufactures, or from living in crowded houſes, or 
in the narrow lanes of large cities; whereas 
they improve in their nature and conſtitution in 
moſt of the country labour which are carried 


on in the open air. = 
Organization, ſenſation, 38 motion, 


ant; all the operations of life, only exiſt at the 


ſurface of the earth, and in places expoſed to the 


influence of light. Without it nature itſelf would 
be lifeleſs and inanimate. By means of light, 


the benevolence of the Deity hath filled the 
ſurface of the earth with organization, ſenſation, 


and intelligence. The fable of Promotheus 
might perhaps be confidered as giving'a hint of 
this philoſophical truth, which' had even pre- 


| ſented itſelf to che knowledge of the ancients. 


I have intentionally avoided any diſquiſttions 
_ to . . bodies in this _ for 


be i ee ener which 


1 « 


_—-; 
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TABLE of the Binary Combin 


ation 


; 1 
3 | 
| 8 


Only one degree of o | 
|} + As all the metals, in the oxyd ftate, are capable o 


xygenation of hydrogen is. hitherto known. —A. FO | 
| f ating in combinations in a ſimilar manner. with alkalies an 
feminine Latin terms, it would be very convenient to diſtinguiſh the oxyd ſtate of each metal in general, from its re 
might indicate the oxyd ſtate in general; any farther diſtinction of the ox 
language without introducing any ambiguity of expreſſion.— T. 

4. Ethiop 


| l 0 | S | Firſt degree of oxygenation. Second degree of oxyg 
i ſtances. 'F: New Names. Old Names. | . New Names. 0 
ICalorie | Oxygen gas Te 3 2 1 K | 
Hydrogen | Water “. 8 | | 3 
Azot 1 2 oe . of { Nitrous gas or air {| Nitrous acid Smoał 
tl "a": prin Carbon j n 5 8 Unknown * Carbonous acid — | Unkno 
gen wichſim- ] Sulphur | Oxyd of ſulphur - | Soft 2 6 Sulphurous acid - - * | Sulphr 
ple non-me- | | 4 \ Reſiduum from the com- : \ Volatil 
callic ſub- | 1 Oxyd of phoſphorus 1 buſtion of phoſphorus een 2 e 
2 | er . y Muriatic oxyd. - | Unknown Muriatous acid - - | Unkno 
b | 1 . { Fluoric ok Id Unknown » = | Fluorous acid - = Unkno 
1 3 * | Boracic oxyd I Unknown "I Boracous acid ' = = | Unkno 
| " Antimony | Grey oxyd of antimony Grey calx of antimony White oxyd of antimony 3 hore 
4 Silver - Oxyd of filver, - Calx of filver . - + RV *. 7 2108 
-j Arſenic. - | Grey oxyd of arſenic - | Grey calx of arſenic - | White oxyd of arſenic. | White 
| Biſmuth - | Grey oxyd of biſmuth © ] Grey calx of biſmuth - | White oxyd of biſmuth | White | 
1 Cobalt Grey oxyd of cobalt Grey calx of cobalt „ a HEY 
| | 9 d of J 
Copper Brown ard of w___ | Brown calx of copper 1 wage rg: 3 1 85 1 9. 
W Grey oxyd of tin Grey calx of tin | White oxyd of tin } hy we 
0 ns. | Iron | Black oxyd of iron Martial ethiops ts 3 1 _ 8 88 5 of Ochre: 
tions Sr Manganeſe | Black oxyd of manganeſe f Black calx of manganeſe j White oxyd of manganeſe | White « 
{gen with the | ED 1 a gy | 1 5 © Turbitt 
mple me- I Mercury | Black oxyd of mercury j Zthiops mineral4 - . I Yellow and red oxyds of cipitz 
tallic ſub- | , bs Bo | | - {- mercury = - 7 cury, 
218 f. Molybdena | Oxyd of molybdena = | Calxof molybdena - „ Le eg 8 
Nickel _ ] Oxyd of nickel! - | Calx of nickel e os” — 
Gold 1 Yellow oxyd of gold - | Yellow calx of gold - | Red oxyd of gold yrs 
I Platina | Yellow oxyd of platina | Yellow calx of platin anna : 28 
, || Lead - - | Grey oxydof lead - | Grey calr of lead - . . { Mafficot 
Tungſtein | Oxyd of tungſtein | Calx of tungſtein - | Es ih 5 
* Eine | Grey oxyd of zinc =» | Grey calx of zinc - White oxyd of zine. - 3 


yds may be formed as in the table. This 


s mineral is the black ſulphuret of mercury z this ſhould have been called, for the old name, black preci 


hes. Betts Mt hn tad 


* 


* 


oy " 


* 9 
* if 4 \ 


— 


tions of Oxygen with Simple Subſtances. 


f oxygenation. - | Third degree of oxygenation. 


Fourth degree of oxygenation. 


— 


— 


| + 


— 


. | | 
4 (i 
Pale, or not ſmoak- 


Smoaking nitrous acid | Nitric acid - - } ing nitrous. acid & Oxygenated nitric acid Unknown 

Unknown 8 | Carbonic acid - Fixed air © =» Oxygenated carbonic acid Unknown 

Sulphureous acid + Sulphuric acid - | Vitriolic acid - | Oxygenated ſulphuric acid [Unknown 

1 acid of ns ara Phoſphoric acid ; Phoſphoric acid | Oxygenated phoſphoric acid | Unknown | 
1 3 . f Os „ F Dephlogiſticated 

Unknown Muriatic acid - Marine acid - Oxygenated muriatic acid 1 ee, pere 

Unknown — [ Fluoric acid - \ Unknown till lately 

Unknown - | Boracic acid - , 8 s fedative | 1 


White calx of antimony, } 333 | 

diaphoretic antimony $ Antimonic 4 | | i 
h „ Argentic acid - ETD p ' MER nut, | 

Nhite calx of arſenic Arſeniac acid | Acid of arſenic - | Oxygenated arſeniac acid | Unknown 

White calx of biſmuth | Biſmuthic acid | | 

„ Cobaltic acid - 


- Cpric acid - e | | 


Blue and green calces of | 
copper = 
White calx of tin, or) 


—_— 


Jchre and ruſt of iron | Ferric acid - - | RE SOS 


White calx of manganeſe Manganic acid 
Purbith mineral, red pre- 1 
cipitate, calcined mer. Mercuric acid - | 
cury, precipitate per ſe | | | 
- - - - | Molybdicacid - | Acid of molztbdena | Oxygenated molybdic acid | Unknown 
Ee nrafo} 8 | | N | 
ded calx of gold, . . | 


precipitate of Caſſius | | 8 | | | 
„„ 1 Platinic acid · i . £ 
{afficot and minium | Plumbic acid - | . 


- - - =- | Tungſtic acid - {| Acid of tunęgſtein Oxygenated tungſtic acid | Unknown 
Vhite calx of zinc, pom- 3 = ED, | | | 


pholix 


lies and earths, and as the laſt, though diſcovered to be compounds, are, in the new nomenclature, denominated by 
n its reguline ſtate, ſimply by changing the gender; thus Anti monium is the ſimple or reguline ſtate, and Antimonia 
This propoſed alteration is in perfect conformity with the principles of the new nomenclature, and would ſhorten 


Old Names. 5 New Names. "Old Names. New Names. Old Names 


N 


RW 2 8 * 5 


k precipitate of mereury.— T 
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which reaſon the phenomena of reſpiration, ſan- 
guification, and animal heat, are not confidered ; 
but I hope, at ſome future time, to be able to 
elucidate theſe curious ers -y ra 


Ster. od upon the Combinations | 
_ of Oxygen with the fimple Subſtances. 


Oxygen forms almoſt a third part of the maſs - 
of our atmoſphere, and is conſequently one of 
the 'moſt plentiful ſubſtances in nature. All. 
animals and vegetables live and grow in this 
| immenſe magazine of oxygen gas, and from it 
we procure the greateſt part of what we employ 
in experiments. So-great is the reciprocal af- 
| finity between this element and other ſubſtances, 
that we cannot procure it entirely diſengaged 
from combination. In the atmoſphere it is uni- 
ted with caloric, in the ſtate of oxygen gas, and 
this again 1s mixed 18 n Waden its en 
: of 'aZotic gas. 
Several conditions are bes to enable E 
body to become oxygenated, or to permit oxy- 
gen to enter into combination with it. In the 
firſt /place, it is neceſſary that the particles of 
tbe body to be oxygenated ſhall have leſs reci- 
procal fattraQion' with each other than they 
have for the oxygen, which otherwiſe cannot 
poſſibly combine with them. Nature, in this 
5 1115 e be aſſiſted by art, as we have it i in our 


OY 


3 & power : 


LY 


wa 
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power to diminiſh the attraction of the parti- 


cles of bodies, almoſt at will, by heating them, 
or, in other words, by introducing caloric into 
the interſtices between their particles; ; and, as 
the attraction of theſe particles for each other 


is diminiſhed in the inverſe ratio of their diſ- 
tance, it is evident that there muſt he a certain 
point of diſtance of particles when the affinity 


they poſſeſs with each other becomes leſs than 
that they have for oxygen, and at which oxy- 
genation muſt neceſſarily a ace if oxygen 
e ee „ . 


We can readily nee that the 1 of 


| Heat at which this phenomenon begins , muſt be 
- different in different bodies. Hence, on pur- 


Poſe to oxygenate moſt bodies, eſpecially the 


greater part of the ſimple ſubſtances, it is only 


neceſlary to expoſe them to the influence of the 


: air of. the atmoſphere, 1 in a convenient degree of 
temperature. With reſpect to lead, mercury, 


and tin, this requires to be but a little higher 


than the medium temperature of the earth; 
but it requires a- more conſiderable degree of 
heat to oxygenate iron, copper, &c. by the dry 
way; or when this operation is not aſſiſted by 
3 moiſture. Sometimes oxygenation takes place 
with great rapidity, and is accompanied by great 
ſenſible heat, light and flame; ſuch is the com- 
N buſtion of phoſphorus in, Seco: air, and 
05 ob iron in gen 1 That of ſulphur ; is leſs 
8 4 e „% „ _ 


* 
r 
* 4 2 : 

£ 
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rapid; and the oxygenation of lead, tin, and moſt 
of the metals, takes place vaſtly ſlower, and 
conſequently the diſengagement of caloric, and 
more eſpecially of light, is hardly ſenſible. 
Some ſubſtances have ſo ſtrong an affinity for 
oxygen, and combine with it in ſuch low de- 
grees of temperature, that we cannot procure 
them in their unoxygenated ſtate; ſuch is the- 
muriatic acid, which has not hitherto been 
decompoſed by art *, perhaps even not by na- 
ture, and which dont ent has only been 
found itt the ſtate of acid. It is probable. that 
many other ſubſtances of the mineral kingdom 
are neceſſarily oxygenated i in the common tem- 
perature of the atmoſphere; and that, being al- 
ready ſaturated with oxygen, their farther action 
upon that element is thereby prevented. We 
There are other means of oxygenating fimple 
ſubſtances, beſides expoſure to air in a certain 
degree of temperature ; ſuch as by placing them 
in contact with metals combined with oxygen, 
and which have little affinity with that element. 
The red oxyd of mercury is one of the beſt ſub- 
ſtances for this purpoſe, eſpecially with bodies 
which do not combine with that metal. In this 
| oxyd the oxygen. þ is united with very little force 
"3K to 


| "Ih veer ſuppoſed dilcovery of the baſe-of this 
| xcid has been mentioned in ſome former notes. T. 


* 
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to the metal, and can be driven out by a degrey 
pf heat only ſufficient to make glaſs red hot ; 
wherefore, ſuch. bodies as are capable of uniting 
with oxygen are readily oxygenated, by means 
of being mixed with red oxyd of mercury, and 
then moderately heated. The ſame effect may 
be, to a certain degree, produced by means of 
the black oxyd of manganeſe, the red oxyd of 
lead, the oxyds of filver, and by moſt of the me- 
| tallic oxyds, if we only take care to chooſe ſuch 

as have leſs affinity with oxygen than the bodies 
they are meant to oxygenate. All the metallic 
reductions and revivifications belong to this claſs 
of operations, being nothing more than oxy- 
| genations of carbon, by means of the ſeve- 
ral metallic oxyds. The carbon of the char- 
coal employed for this reduction, combines 
with the oxygen and with caloric, and eſcapes 
in form of carbonic acid gas; while the metal 
remains pure and revivified, or deprived of the 
oxygen, which before combined with it in the 
form of oxyd. 

All combuſtible fab tener may likewiſe be 
oxygenated by means of mixing them with ni- 
trat of potaſh or of ſoda, or with oxygenated 

muriat of potaſh, and ſubjecting the mixture to 
a certain degree of heat; the oxygen, in this 
| caſe, quits the nitrat or the muriat, and com- 
bines with the combuſtible body. This ſpecies 
of oxygenation — to be performed with 

9 


„ 2 RIS. 
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extreme caution, and only with very ſmall quan- 
tities ; becauſe, as the oxygen enters into the 
compoſition of nitrats, and more eſpecially of 
oxygenated muriats, combined with almoſt as 
much caloric as is neceſſary for converting it 
into oxygen gas, this immenſe quantity of calo- 
ric becomes ſuddenly free, the inſtant of the com- 
bination of the oxygen with the combuſtible bo- 
dy, and produces ſuch violent 2 as are 
perfectly irreſiſtible. _ 
By the humid way we can oxygenate moſt 
combuſtible bodies, and convert moſt of the 
oxyds of the three kingdoms of nature into acids. 
For this purpoſe. we chiefly employ the nitric 
acid, which has a very ſlight hold of oxygen, and 
quits it readily to a great number of bodies, by 
the aſſiſtance of a gentle heat. The oxygenated 
muriatic acid may be uſed for ſeveral operations 
ol this kind, but not in them all. 
I give the name of binary to the combinations. 
of oxygen with the ſimple ſubſtances, becauſe in 
theſe only two elements are combined. When 
three ſubſtances are united in one combination I 
call it ternary ; and quaternary when the combi- 
nation cet of four ne united. 


R 2 e 
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Frag 'of the Combination of Oxygen with the _ 
pound Radicals, 


Names of the Re. © Names of the ; re ulting 4 

dicals, New N. omenclature. Old Nomenclature. 
e, e Ni itro-muriatic acid. Aqua regia, 

— 
Tartaric | au 8 Pur 8 till lately. 
Malie © Malicacid Ditto. | 
_ Citric - Citric, acid Acid of lemons. 

Pyro-lignous e acid r A Yn actd of 
Pyro-mucous  Pyro-mucous acid Empyr. acid of ſugar, 
Pyro: tartarous  Pyxo-tartarous acid  Empyr. acid of tartar, 
Oxalic Oxalic acid Acid of ſorrel. 

| [ Vinegar, or acid of 

I Nag _— — 
ff © 23 yn Radical vinegar. 
Snccinic  _ - Succinic acid Volatile ſalt of amber. 
Benzoic Benzoic atid  _ © Flowers of benzoin. 
Camphoric - ni acid de till lately. 
3 he aſtringent princi- 
Galle 5 n acid 0 1 „ o N 
— 20 | 

ee mas acid Acid of four whey, 
ä Saccholactic acid Unknown till lately. 
Formic Formic acid Acid of ants. 
Bombic Bombic acid "Unknown till lately. 
Sebacic | Hebacic nick Dito 
Lithic _ L.ithic acid | Urinary. calculus. 

1 Colouring matter o 
285  Frulli zeig be Pruſſian blue. : 
ECT) 


* Theſe mocks by a firſt degree of oxygenation form 
vegetable oxyds, as ſugar, ſtarch, mucus, &c.—A. 


** Theſe radicals by a firſt degree of oxygenation form 
the animal oxyds, as lymph, and part of the blood, ww! 


#4 . ww 
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Sect. V.—Obſervations upon the Combinations of 
Oxygen with the Compound Radicals. 


I publiſhed 4 new fheory-of the nature and 
formation of acids in the Memoirs of the Aca- 
demy for 1776, p. 671. and 1778, p. 535. in 

which I coneluded, that the number of acids 
muſt be greatly larger than was tilt then ſup- 
| poſed. Since that time, a new field of inquiry 
has been opened to chemiſts; and, inftead of 
five or fix acids, which were then known, near 

thirty new acids have been diſcoyered, by which 
means the number of known neutral ſalts have 
deen increaſed in the fame proportion. The 


nature of the acidifiable baſes, or radicals of the 


acids, and the degrees of oxygenation they are 
ſuſceptible of, ſtill remain to be inquired into. 
I have already ſhown, that almoſt all the oxy- 
dable and acidifiable radicals from the mineral 
kingdom are ſimple, and that, on the contrary, 
there hardly exiſts any radical in the vegetable, 
and more eſpecially in the animal kingdom, but 
is compoſed of at leaſt two ſubſtanees, hydro- 
gen and carbon and that azot and phoſphorus 
are frequently united to theſe, by which we have 
a compound radicals of * _— and four baſes 


3 ep elements united. 17 
mY e "ROW" NDES1281 .+Fiom 
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From theſe obſervations, it appears that the 
vegetable and animal oxyds and acids may dif. 
fer from each other in three ſeveral ways; ac- 
cording to the number of ſimple acidifiable ele- 
ments of which their radicals are compoſed ; 
according to the proportions. in which : theſe 
are combined together; and according to their 
different degrees of oxygenation : Theſe circum- 
ſtances are more than ſufficient to explain the 
great variety which nature produces in theſe 
lubſtances. It is not at all ſurpriſing, after this, 
that moſt of the vegetable acids are convertible 
- into each other ; nothing more being requiſite 
for this purpoſe, than to change the propor- 
tions of the hydrogen and carbon in their com- 
poſition, and to oxygenate them in a greater or 
leſſer degree. This has been done by Mr Crell 
in ſome very ingenious experiments, which have 
been verified: and extended by Mr Haſſenfratz. 
From theſe it appears, that carbon and hydro- 


| by gen, by: a: firſt 'oxygenation, produce tartarous 


acid, oxalic acid by a ſecond degree, and acetous 
or acetic acid by a third, or higher oxygenation; 
2 ah. that carbon ſeems to exiſt in a rather ſmal- 
ler proportion in the acetous and acetic acids. 
The citric and due acids _ little from the 
\ precling acids, | 
- Ought we ws to eh that the als. are 
the radicals of the vegetable and animal acids? 


1 have already expreſſed my doubts upon this 
1 | Jubject: 
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ſubject: For, although the oils appear to be 
formed of nothing but hydrogen and carbon, we 
do not know if theſe are in the preciſe proportion 
neceſſary for conſtituting the radicals of the acids; 
and, fince oxygen enters into the compoſition of 
theſe acids equally with Hydrogen and carbon, 
there is no more reaſon for ſuppoſing them to be 
compoſed of oil rather than of water or of carbo- 
nic acid, It is true that they contain the mate- 
rials neceſſary for all theſe combinations, but 
then theſe do not take place in the common tem- 
perature of the atmoſphere; all the three ele- 
ments remain combined in a ſtate of equilibrium, 
which is readily deſtroyed by a temperature on- 
Ay a little above that of boiling water *. 


r TAI 


* See Fart I. Chap. XII. upon this Subjeft—A. 


264 ELEMENTS 


TazIE of the Binary Combinations of Azot with 


the Simple 5 ul ſtancer. 
Simple X.) of the Candi, 
Subſtances New Nomenclature. Old Nomenclature. 

PET Phlogiſticated air, or 
Caloric = Axotic gas, or Azogas 2 8 
Hydrogen Ammoniac, Ammona * Volatile alkali. 
I f Nitrous oxyd | Baſe of nitrous gas. 

Nitrous acid | Smoaking nitrous acid, 
. | Nitric acid Pale — acid. 


Oxygenated ik . Unknown. 
This combination is hitherto unknown; ſhould it 
erer be diſcovered, it will be called, according 
id to the principles: of our nomenclature, Azuret 
of Carbon. Carbon diflolves in azotic ga, and 
forms carbonated azotic gas. | 
Phoſphorus | Azuret of phoſphorus. Still unknown. f | 
| Axuret of Sulphur - Still unknown. We know 
Sulphur 1 that ſulphur OW in azotic gas, forming 
8 ſulphurated azotic 
Azot combines with — FAR and hydrogen, and 
Compound 3 ſometimes with phoſphorus, in the compound 
radicals |} oxydable and acidifiable baſes, and is generally 
A in the radicals of the animal acids. 
h combinations are hitherto unknown; if ever 
Metallic lub. diſcovered, they will form metallic azurets, as 
azuret of gold, of RE, &c, 


Carbon 


ſtances 

Lime . 
Magneſia pa ha 1 4 j # x g's Fo | 
Barytes 558 1 If ever md, they will 

Argill form azuret of lime, azuret of magnefia, &c. 
Potaſh 
Soda | 
SECT. 


Note.—The Latin term, in the new Wenne tue here tranf- 
lated Azuret, is Azuretum, the French of Mr Lavoiſier is Azure; 
I 3 taking the — from che Latin, becauſe it is tbus 

more 
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Sxcr. VI.—Obſervations upon the Combinations 
of Azot with the Simple Subſtances. 


| Azor is one of the moſt abundant aer ; 
combined with caloric it forms azotic gas, 
mephitis, which compoſes nearly two-thirds of 
the atmoſphere. This element is always in the 
ſtate of gas in the ordinary preſſure and tempe- 
rature, and no degree of compreſſion or of cold 
has been hitherto capable of reducing it either 
to a ſolid or liquid form. This is likewiſe one 
of the eſſential conſtituent elements of animal 
bodies in which it is combined with carbon and 
hydrogen, and ſometimes with phoſphorus; 
theſe are united together along with a certain 
portion of oxygen, by which they are formed 
into oxyds or acids, according to the degree of 
oxygenation. Hence the animal ſubſtanges may 
be varied, in the ſame way with vegetables, in 
three different manners; according to the 
. number of elements which enter into the com- 
1 | 2 5 Poſition 
more aiftint Son other terms : the F a terms Azure, 


x Sulphure, Phoſphure, are not ſufficiently diſtinguiſhable i in 
Engliſh, from Azure, a colour, Sulphur, and Phoſphor, 


5 which i 1s ſametimes uſed for Phoſphorus ; ; but Azuret, 


55 Sulphuret, Carburet, and Phoſphuret, which are tranſlated 

3 from Azuretum, Sulphuretum, Carburetum, and Phoſ- 

N phoretum, both anſwer the purpoſe of the new nomencla- 
ture completely, and run no hazard of e any 


1 miſtake.— T. 
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poſition of the baſe or radical ; according to the 
+ proportion of theſe elements ; and, according to 
the degrees of oxygenation. DNS. 
When combined with oxygen, azot forms 
the nitrous and nitric oxyds and acids, when 
with hydrogen, ammoniac is produced. Its com- 
binations with the other fimple elements are ve- 
ry little known; to theſe we give the name of 
Aurets, preſerving the termination in uret for 
all unoxygenated compounds, It is extremely 
probable that all the alkaline' ſubſtances may 
hereafter be found to vejong to this genus of a- 


zurets. 
The azotic gas may be procyred from atmo- 


5 ® ſpheric air, by abſorbing the oxygen gas which 


is mixed with it by means of a ſolution of ſul- 
. phuret of potaſh, or ſulphuret of lime. It re- 
quires twelve or fifteen days to complete this 
proceis, during which time the ſurface in con- 
tact muſt be frequently renewed by. agitation, 
and by breaking 1 the pellicle which forms on the 
top of the ſolution. It may likewiſe be procu- 
red by diffolving animal ſubſtances 1 in dilute ni- 
tric acid very little heat In this operation 
the azelt is diſengaged in Kitt of gas, which 
moſt be received under bell-glaffes filled with 


water, in the pneumato- chemical apparatus. 


We may procure this gas by deflagrating nitre 
with charcoal, or any other combuſtible ſub- 


9 when witha charcoal, the azotic gas is 
mixed 
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mixed with carbonic acid gas, which may be 
abſorbed by a ſolution of cauſtic alkali, or by 
lime-water, after which the azotic gas remains 
pure. We can procure it in a fourth manner 
from combinations of ammoniac with metallic 
oxyds, as pointed out by Mr de Foureroy: The 
hydrogen of the ammoniac combines with the 
oxygen of the oxyd, and forms water, while the 
azot being left free eſcapes in form of gas. 

The combinations of azot were but lately diſ- 
covered: Mr Cavendifh firft obſerved. it in ni- 
trous gas and acid, and Mr Berthollet in ammo- 


niac and the pruffic acid. As no evidence of 


its decompoſition has hitherto appeared, we are 
fully entitled to conſider azot as a fimple ele- 
mentary ſubſtance. 


a 1101 1 f 
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Tap of the Binary Combinations of Hydrogen with 


Simple S ubſtances. 
Simple © WS. Ege © ene. 
Sub ſtancen. New 8 48> Old Names. 
Calorie , _ Hydrogen gas ernten air. 
Azot Ammonia  _ - Volatile alkali. 
Oxygen „% EHC 
Huydruret of ſulphur, ih ee 
Sulphur 2 5 5 
* H yp . 8 bs r e I Hitherto 3 A 
| Phoſphorus | ydruret of phoſphorus, or | 
2 phoſphuret- — pe 204 
5 29 11 Bydrocarbonows: or car- 
Carbon bono hydrous radic als + dauere, 
122 Metallic hy drarets Le, 2 Hiker unknown. 
iron, &c. hydruret of iron, Se. | 
SECT. 


* Theſe combinations take place in the fate of gas, and 
form, . * and phoſphorated h yd rogen 
gas;—A.. | 

+ This 3 hydrogen u ache 1 the 
fixed and volatile oils, and forms the radicals of a conſider- 
able part of the vegetable and animal oxyds and acids. When 
it takes place in the ſtate * 8a, it forms WN hydro- 


gen gas. A. 


t None of theſe combinations are 8 nad it is i eb 
that they cannot exiſt, at leaſt in the uſual temperature of 
the atmoſphere, owing to the great * of n for 
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Scr. VII. Obſervations 5505 Hydrogen, and 
7 NP Combinations with gar ea | 


0 (+3 


| Hydrogen, as as s its name e is one of the | 
_ conſtituent elements of water, of which it forms 
fifteen hundredth-parts by weight, combined 
with eighty five hundredth- parts of oxygen. 
This ſubſtance, the: -properties and even exiſtence 
of which was unknown till lately, is very plen- 
tifully diſtributed i in nature, and acts a very con- 
 fiderable part in the proceſſes of the animal and 
vegetable Kingdoms. As it poſſeſſes ſo great 
affinity with caloric as only to exiſt in the ſtate 
of gas, it is conſequently impoſſible to procure 
it in the concrete or a ſtate, independent of 
combination. 5 
To procure hydrogen, or rather kan 
gas, we have only to ſubject water to the action 
of a ſubſtance with which oxygen has a greater 
affinity than it has to hydrogen; by this means 
the hydrogen is ſet free, and, by uniting with 
caloric, aſſumes the form of hydrogen gas. Red 
hot iron is uſually employed for this purpoſe: : 
The iron, during the proceſs, becomes oxy- 
dated, and is changed into a ſubſtance reſem- 
© bling the i iron ore from the iſland of Elba. In 
e ſtate of oxyd it is much leſs attractible by 
the 


$7 
#3 
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the magnet, and diſſolves in acids without effer- 
wee. | 

Charcoal, in a red heat, has the ſame power 
of decompoſing waier, by attracting the oxygen 
from its combination with hydrogen. In this 
proceſs carbonic acid gas is formed, and mixes 
with the hydrogen gas, but is eaſily ſeparated 
by means of water or alkalies, which abſorb the 
- carbonic acid, and leave the hydrogen gas pure. 
We may likewiſe obtain hydrogen gas by diſ- 
| folving iron or zinc in dilute ſulphuric acid. 
The two metals decompoſe water very ſlowly, 
: and with great difficulty, when alone, but do it 
with great eaſe and rapidity when aſſiſted by ſul- 
phuric acid; the hydrogen unites with caloric 
during the btoceth and is diſengaged: in form 
of hydrogen gas, while the oxygen of the water 
unites with the metal in the form of oxyd, which 
is immediately diſſolved in the acid, forming a 
ſulphat of iron or of zinc. 

Some very diſtinguiſhed chemiſts conſider hy- 
drogen as the phlogiſton of Stahl; and as that 
_ celebrated chemift admitted the Eiftince of 
phlogiſton i in ſulphur, charcoal, metals, &c. they 
are of. courſe obliged to ſuppoſe that hydrogen 
exiſts in all theſe ſubſtances, though they can- 

not prove their ſuppoſition ; even if they could, 
it would not avail much, fince this diſengage- 
0 ment of hydrogen is quite inſufficient to explain 
% the phenomena of calcination and combuſtion. 


We 
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We muſt always recur to the examination of this 
queſtion, Are the heat and light, which are 
_ diſengaged during the different ſpecies of come 
buſtion, furniſhed by the burning body, or by 
the oxygen which combines in all theſe opera- 
tions?“ And certainly the ſuppoſition of hydro» 
gen being diſengaged throws no light whatever 
upon this queſtion. Beſides, it belongs to thoſe 
who make ſuppoſitions to prove them; and, 
doubtleſs, a doctrine which without any ſuppoſi- 
tion explains the phenomena as well, and as na- 
turally, as theirs does by ſuppoſition, has at leaft 
the advantage of greater ſimplicity *. 


| Tan | 


* Thoſe who wiſh to ſee what has been faid upon | this - 
great chemical queſtion by Meſſ. de Morveau, Berthollet, 
De Foureroy, and myſelf, may conſult our tranſlation of 


: Mr ee "_— Phlogiſton,—A. 
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TABLE of the Binary ne of Sulphur with Simple Subſtances, 
Simple © ED. Er- Compounds. 
Subflantes.. New W $2 ; - + Od Nomenclature. 
Caloric Sulphuric gas | 
| Oxyd of fulphur oft ſulphur. 
Oxygen.” 4 Sulphurous acid  -Sulphureous acid. 


Sulphuric acid Vitriolic acid 
Hydrogen | INIT of Rycroges | | 
Azot | Unknown combi 
: On 3 1 5 nations. 
carbon | : 
N Crude antimony. 
.* Alver. "7 


+447 11 17) lene, ._- ee 
biſmuth | | 


es epa 
4 bb Ain 1 
ee, = *Iren a Ha: 
anganeſe 
Ethiops miner 
Ty 9 a 
molybdena 
nickel 
gold 
platina 8 
lead 29 ._ Galena, 
: 2 þ n ſtein tn: Fs } 5 
10 in Blende. 1 
FA be . liver of 
„ er . ſulphur with fixed 


_ ve etable alkali. 


| © Alkaline liver of 
Soda || ſoda ſulphur with fixed 
| F mineral alkali. 

| Volatile liver of ſul- 
Ammonias _ ammoniac J phur, ſmoaking 
Borne. 1 l 6 _ of __ A 
Lime k alcareous liver o 
| lime 4 ee 5 1 
| | Magneſian r o 

Magneſia „„ magneſia dale "re 8 
 Barytes | barytes Barytic liv. of ſulph. 

Argill '- | argill Yet —— 
ECT, 


Ps 


OF CHEMISTRY. 273 


SECT. VII.. e on Sulphur and its 
|  Compinations. 


Sulphur 3 is a combuſtible ſubſtance, having 2 
very great tendency to combination; it is na- 
turally in a ſolid ſtate in the ordinary tempera- 
ture, and requires a heat ſomewhat higher than 
that of boiling water to make it liquify. Sul- 
phur is formed by nature in a conſiderable de- 
gree of purity in the neighbourhood of volea- 
nos; we find it likewiſe, chiefly in the ſtate of 
ſulphuric acid, combined with argill in aluminous 
ſchiſtus, with lime in gypſum, &c. From theſe 
combinations it may be. procured in the ſtate of 
_ ſulphur, by carrying off its oxygen by means of 
charcoal in a red heat; carbonic acid is form- 
ed, and eſcapes in the ſtate of gas ; the ſulphur 
remains combined with the clay, lime, &e. in 
the ſtate of ſulphuret, which is decompoſed by 
acids; the acid unites with the earth into a neu- 
tral falt, and the ſulphur is precipitated. | 


Ss -- e 
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Tanz of the Binary Combinations of Phoſphorus 
with i 5 _— Subſtances. | ; 


Fr 3 n 12 Reſulting Compounds. 
Caloric <- _ - '- Phoſphoric gas. 
C31 þ ITO | Oxyd of phoſphorus. 

Oxygen 1 Phoſphorous acid. 
ah | Phoſphoric acid. 


Hydrogen  Phoſphuretof hydrogen. 
Azot '- Phoſphuret of azot. 
Sulphur  - -_ — of Sulphur. 
Carbon 3 of carbon. 
Metallic Subſtances e of mern K. 
P otaſh — : 


Ammoniac = | Phoſphuret of Potaſh, 
Barytes - Ow e. 5 
Magnefia - - | 


| xp - 2b 
ES | Sxer: 


* Of al theſe ne of n with n 
| that with iron only is hitherto known, forming the ſub- 
ſtance formerly called Siderite ; neither is it yet aſcer- 

tained whether, in this combination, the phoſphorus be 


; oxygenated or not.—A. 


I Theſe be of 8 with the alkalies 
and earths are not yet known; and, from the experiments 
of Mr Gengembre, they appear to be impoſſible —A. 


has been ever fince known by the name of Kun- 


OF CHEMISTRY. 255 


Sxor: IX.—Obſervations on Phoſphorus, and ite 
| Combinations. hy 


Phoſphorus is a ſimple combuſtible ſubſtance, 
which was unknown to chemiſts till 1667, when 
it was diſcovered by Brandt, who kept the pro- 
ceſs ſecret; ſoon after Kunkel found out Brandt's 
method of preparation, and made it public. It 


kel's phoſphorus. It was for a long time pro- 
cured only from urine; and, though Homberg 
gave an account of the proceſs in the Memoirs 
of the Academy for 1692, all the philoſophers 


of Europe were ſupplied with it from England. 


It was firſt made in France in 1737, before a 
committee of the Academy at the Royal Garden. 
At preſent it is procured in a more commodious 
and more economical manner from animal bones, 
which are real calcareous. phoſphats, according 
to the proceſſes of Meſſrs Gahn, Scheele, Rou- 
elle, &c. The bones of adult animals, being 
| calcined to whiteneſs, are pounded, and pafſed 
through a fine filk ſieve; upon the fine pow- 
der a quantity of dilute ſulphuric acid 1s pour- 
ed, leſs than is ſufficient for diſſolving the whole. 
| This acid unites with the calcareous earth of the 
bones into a ſulphat of lime, and the phoſpho- 
ric 585 remains gs in the liquor. The liquid 
Ret 7 2 Digs 4 ; 2548 


is decanted off, and the reſiduum waſhed with 
boiling water ; this water which has been uſed 
to waſh out the adhering acid is joined with 

what was before decanted off, and the whole is 
gradually evaporated ; the diſſolved ſulphat of 
lime cryſtallizes in form of filky threads, which 
are removed; and, by continuing the evapora- 
tion, we procure the phoſphoric acid, under the 
appearance of a white pellucid glaſs. When this 
is powdered, and mixed with one third its weight 
of charcoal, we procure very pure phoſphorus, 
by ſublimation ? *. The phoſphoric acid, as pro- 
cured by the above procels, is never ſo pure as 
that obtained by oxygenating pure phoſphorus, 
either by combuſtion or by means of nitric acid; 
wherefore this latter ſhould always be employ. 
ed in experiments of reſearch. _ 

Phoſphorus is found in almoſt all animal ſub- 
ſtances, and in Tome. plants which h wire a kind 
of 

| * Avery convenient method of procuring phoſores 
fs! urine has lately been diſcovered. | The phoſphori 
acid is precipitated by a ſolution of acetite of lead, bs 
means of a double decompoſition ; ; the lead uniting with 

the phoſphoric acid into an inſoluble ſalt which precipi- 
| fates, while the acetous acid unites with the alkaline ſub- 
ſtances of the urine and remains diſſolved. The phoſphat 
of lead is then repeatedly waſhed, and is decompoſed by 
means of muriatic acid; a muriat of lead is formed, which 
is inſoluble, and the phoſphoric acid is found in a liquid 
ſtate : this is evaporated to dryneſs, and, being diſoxyge - 
nated by charcoal, in the uſual manner, a very pure phab 
phorus ſublimes.— T. 
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of animal analyſis, In all theſe it is uſually 
combined with carbon, hydrogen, and azot, 
forming very compound radicals, which are, for 
the moſt part, in the ſtate of oxyds, by a firſt 
degree of union with oxygen. The diſcovery 
of Mr Haſſenfratz, of phoſphorus being contain- 
ed in charcoal, gives reaſon to ſuſpect that it is 
more common in the vegetable kingdom than 
has been generally ſappoſed*: It is certain, that 
by proper proceſſes, it may be procured from 
every individual of ſome of the families of plants. 
As no Experiment has hitherto given reaſon to 
ſuſpect that phoſphorus is a compound body, I 
have arranged it with the ſimple or elementary 


ſubſtances. It takes fire at the nm ol f 


you: '6f hw thermometer. 1 


hs 


| Tavis of the Binary Combination of Carbon. 


gun FIT 312; Reſulting e 
e. New N omenclature. Old Names. 

O COxyd of carbon _ Unknown. | 
en Carbonic acid "Þ Fixed air, chalkcy acid. 


Sulphate © '. , Carburet'of ſulphur 


5 Phoſphorus Carburet of phoſphorus -Dnknown. 


Azot 3 Carburet of azot a 
,x--1/11+.0E Carbono-hydrous radicals 
* We Fixed and volatile oils : 
| Of theſe only the car- 
genesen cri ſve REES 
I, N . metals 4 $3} * 1502 en me formerly call - ' 
1 | [I. ed Plumbago. 
A 2 *. es. I Vaknown. | 


WW 


Ef 


——— 


278 ELEMENTS 


#4 4 4.6 


855 CT. 1 3 5 8 and; Hts can 
| binations 2 * Supffancer, : 


As 8 wi not 3 ene 8 
ſed, it muſt, in the preſent. ſtate of our know- 
ledge, be conſidered as a ſimple ſubſtance... By 


modern experiments it appears to. exiſt ready 


formed in vegetables; and I have already, re- 


marked, that, in theſe, it is combined with hy- 
drogen, ſometimes with azot and phoſphorus, 


forming compound radicals, which may be 


changed into oxyds or acids, according 10 it 


degrees of oxygenation.” |, | 

To obtain the carbon“ contained in vegeta- 
ble or animal ſubſtances, we ſubject them to the 
action of fire, at firſt moderate, and afterwards 
very ſtrong, on purpoſe to drive off the laſt por- 
tions of water, which” adhere very obſtinately. 
For chemical purpoſes, this is uſually done in 


xetorts of ſtone- ware or porcelain, into which the 


wood, or other 1 F s introduced, and N 


18850 to its ts greateſt beat: The beat yolatilizes 


1 #5 3 Or 
* 0 . . 


2 * It is 838 that carbon is uſed te dente 


the pure ſimple elementary ſubſtance, while charcoal fig- 


nifies that ſubſtance, united with ſome ſmall portions of 
earths and ſalts;..43 procured: from vegetable and animal | 


bodies by burning, or by difilaion in « read hes T. 
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or -changes into gas, all the parts of the body 
ſuſceptible of combining with caloric into that 
form; and the carbon, being more fixed in its 
nature, remains in the retort, combined with a 
little earth and ſome fixed ſalts, in the form ge- 
nerally known by the name of charcoal. 
In the buſineſs of charring wood, this is done 
by a leſs expenſive proceſs. The wood is diſ- 
poſed in heaps regularly arranged, and covered 
with earth, ſo as to prevent the acceſs of any 
more air than is abſolutely neceſſary for ſupport- 
ing the fire, which is kept up till all the water 
and oil is driven off, after which the fire is ex- 
tinguiſhed by ſhutting up all the air-holes. 
We may analyſe charcoal either by combuſtion 


in air, or rather in oxygen gas, or by means of 


nitric acid: In either caſe we convert its pure 
carbon into carbonic acid; and ſometimes a 
little potaſh and ſome neutral ſalts remain. This 
analyſis has been hitherto but little attended to 
by chemiſts ; and we are not even certain if pot- 
aſh exiſts in ee before combuſtion, or whe- 
ther it be formed by means of ſome unknown 
combination during that proceſs. + 


' Sxcr. * Fa Obſervations upon the . Flu- 
oric, and Boracic Fanal, and their Combina- 
. tions. 


As the Abb of theſe ſubſtances, ei- 
| ther with each other, or with the other combuſ- 
8 4 tible 
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tible bodies, are hitherto entirely unknown, we 
have not attempted to form any table for their 
- pomenclature, We only know that theſe radi- 
als are ſuſceptible of oxygenation, and of form- 
ing the muriatic, fluoric, and boracic acids: and 
that, in the acid ſtate, they enter into a number 
of combinations, to be afterwards detailed. Che- 
miſtry has hitherto been unable to diſoxyge- 
nate any of them, ſo as to exhibit them in a 
ſimple ſtate. For this purpoſe, ſome ſubſtance 
muſt be employed, to which oxygen has a ſtrong- 
er affinity than to their radicals, either by means 
ol fingle affinity, or by double elective attrac- 
tion. All that is known relative to the origin 
| of the radicals of theſe acids, will be mentioned 
in the ſections fet apart for conſidering their 
nn, with the * baſes. 


5 Prei. XI1.— Obſervations upon the Combinations 


of Metals with each other. 


enn W of the Giophſ:or 
elementary ſubſtances, it might be ſuppoſed ne- 
ceſſary to give a table of alloys or combinations 
of metals with each other; but, as ſuch a table 
would be both exceedingly voluminous and very 
_ unſatisfactory, without going into a ſeries of 
experiments not yet attempted, I have thought 
it adviſable to omit it altogether. All that is 
= 7 ; neceſſary 
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neceſſary to be mentioned is, that theſe alloys 
ſhould be named according to the metal in lar- 
geſt proportion in the mixture or combination; 
thus the term alloy of gold and filver, or gold ak | 
loyed with filver, indicates that gold 1 is the pre- 
dominating metal. 
Metallic alloys, like all other combinations, 
have a point of ſaturation ; it would even ap- 
/ pear, from the experiments by Mr de la Briche, 


that they have two 2888 diſtinct degrees of 
n 3 


232 


11. 


E. Lx MENTS. 


421 13 


reien 


[haves * th Hens of any in att flare of Ni- 
trous Acid, with the Salifiable Baſes, arranged accord- 
ga ing" 6 to bie Aue, 'of tbeſe Baſes Du, the Acid. 


| ly aſcertainable, 


Notes. 


| - Theſe falts are on- 
ly known of late, and 
have received no par- 
ticular names in the old 


nomenclature. 


As metals diſſolve 
both in nitrous and 
nitric acids, metallic 


{ ſalts muſt of conſe- 


quence be formed ha- 
ving different degrees 
of oxygenation. Thoſe 
wherein the metal is 
leaſt oxygenated muſt 


be called Nitrites, and 


when more ſo Nitrats ; 


| but the limits of this 


diſtinction are difficult- 
The 
older chemiſts were not 
acquainted with any of 
theſe ſalts. 


It is e probable that gold, ſilver, and 
platina, only form nitrats, and cannot ſubfiſt in 


Names of the © n of the Neutral Salts. | 
Baſes. New Nomenclature. © 

Barytes VMitrite of barytes. FF 

_ A. crc 2. potaſh. 

Soda - |” ſoda. 

Lime lime. 4 

Magnefia  _ magneſia. 

Ammoniac | Ammoniac. 

Argill argill. L 

| | N 

Oxyd of zinc zinc. 

- iron iron. 
manganeſe manganeſe | 
cobalt cobalt. 

nickel nickel. | 
lead lead. 
tin tin. 4 
copper copper. 
biſmuth „ 
antimony antimony. 
arſenic ar ſenic. 
mercury _ mercury. 

| L 

filver 
gold 
platinz [the ſlate a nitrites. 


TAZLE 
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TABLE of the Combinations of Azot, completely ſaturated with 


Oxygen, in the ſtate of Nitric Acid, with the Saliſiable Baſes, 
in the Order of their Aſinity with that Acid. 


| . Names of the reſulting Neutral Salts. 
Baſes. | New Nomenclature, N Old Nomenclature. 
4.6370 0166 hai - C Nitre, with a baſe of 
Barytes Nitrat of barytes j heavy earth. | 
| CY Nitre, ſaltpetre, Nitre 

Potaſh potalh % with bale of porath. 
W 5 6 Quadrangular nitre, 

Soda | | ſoda 3 Nitre with baſe of 

n c © mineral alkali. 

Strontites ſſtrontites Unknown. f 
N Calcareous nitre. Ni- 
tre with calcareous 

baſe, Mother- water of 
1 T nitre, or of ſaltpetre. 

5 e Magneſian nitre, Nitre 
MINIONS: boi ed 3] with baſe of magneſia. 
Ammoniae aaqmmoniac Ammoniacal nitre. 
5 | Nitrous allum, Argil- 
laceous nitre, Nitre 
with baſe of earth of 
1654 2 2 7 A 0 A alum. | 
'- Oxyd of zine  . / 

"3,90 Ma 


Lime lime 


; t 2 4 
8 - * 
1 ; | ar ill 
7 ? > : } bh 7% a / l * 
. _ i i * 7 * 14 4 31 1 s 4 Lal #4 
* E 


iron N ir _ 1 1 Nitre of iron, Martial 
$300 07 ie in 45 16.4108 ie Nirrated iron. 
. manganeſe ' manganeſe Nitre of manganeſe. 


e cobalt Nitre of cobalt. 
ichn {1007 9 nickel Nitre of nickel. 0 | 
19495 214i 910/07 lend. S nitre, Nitre 
lead | of lead. 
tin , tin Nitre of tin. 
rp i £91 acdcs Nies et copper, or of 
$4 os $3.4 It'5 4 14 . 7 
„„ 8 L Venus. 


biſmuth  - | biſmuth ' Nitre of biſmuth, 


antimony | 3 antimony Nitre of antimony. 
arſenic | arſenic Arſenical nitre. 


.. mercury ,  — mercury Mercurial nitre. 
ſilyver 1 Nitre of ſilver, or of 


2 2 | luna, Lunar Cauſtic. 
gold gold Nitre of gold. 
platina platina Nitre of platina. 


SECT, 
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© ol 


y DECT. XIII. ee upon the Wee trous * 
e Nuric . and their Combinations. 


a The hitrous and nitric acids are procured 
= Franks a neutral ſalt long known in the arts un- 


derer the name of ſaltpetre. This ſalt is extracted 


by lixiviation from the rubbiſh of old buildings, 


= from the earth of cellars, ſtables, or barns, and 


in general of all inhabited places . In theſe 
 " earths the nitric acid is uſually combined with 
lime and magneſia, ſometimes with potaſh, and 
rarely with argill. As all theſe ſalts, excepting 


the nitrat of potaſh, attract the moiſture of the 
adãir, and conſequently would be difficultly pre- 


ſerved, advantage is taken, in the manufactures 
of ſaltpetre, and in the royal refining houſe, of 

the greater affinity of the nitric acid to potaſn 
than theſe other baſes, by which means the lime, 
magneſia, and argill, are precipitated, and all 


*- theſe nitrats are reduced to the nitrat of potaſh, 


or ſaltpetre, 
Thne nitric acid is 8 from this ſalt by 


wee *. ee, Three _ 1 . ſalt- 


An“ 


* Spee! is Alken procured 3 in ud quantities by 


Aae Wbt the natural foil in ſome parts of Bengal, and of 


roms Vaan. . 
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petre are decompoſed by means of one part of 
concentrated ſulphuric acid, in a retort with 
Woulfes' apparatus, (Pl. IV. Fig. 1.) having 
its bottles half filled with water, and all its 
joints carefully luted: The nitrous acid paſſes 
over in form of red vapours ſurcharged with ni- 
trous gas, or, in other words, not completely 

' ſaturated with oxygen. Part of the acid con- 
dienſes in the recipient, in form of a dark o- 
range red liquid, while the reſt combines with 
the water in the bottles. During the diſtilla- 
tion, a large quantity of oxygen gas eſcapes, 
owing to the greater affinity of oxygen to calo- 
ric, in a high temperature, than to nitrous acid, 
though in the uſual temperature of the atmo- 
ſphere this affinity is reverſed. It is from the 
diſengagement of oxygen that the nitric acid 
of the neutral ſalt is in this operation converted 
into nitrous acid *. It is brought back to the 
ſtate of nitric acid by heating over a gentle fire, 
which drives off the ſuperabundant nitrous gas, 
and leaves the nitric non: rd Gbnted with 
water, N Forty 
* 7 | Nitric 


It is evident, that in this operation, there is a very 
great loſs of nitric acid; as, from the diſengage ment of 
oxygen, we cannot. poſſibly procure near the ſame quan- 
tity of nitric acid by Ar chat exiſted in the com- 
bined ſtate in the nitre. . 
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| Nitric acid. is procurable in a more concen- 
trated ſtate, and with much leſs loſs, by mixing 
very dry clay with ſaltpetre. This, mixture 
is put into an earthen retort, and diſtilled with 
a ſtrong fire : The clay combines with the pot- 
aſh, for which it has great affinity, and the ni- 
tric acid paſſes over, ſlightly impregnated with 
. nitrous gas. This is eaſily diſengaged by heat- 
ing the acid gently in a retort, a ſmall quantity 
of nitrous gas paſſes over into the recipient, and 
very * concentrated niere m remains in Fe 
We have e ſeen, that azot is the nitric | 
radical. If to 204 parts by weight, of azot, 
431 parts of oxygen be added, 64 parts of ni- 
trous gas are formed; and, if to this we bin 36 
additional parts of oxygen, 100 parts of nitrie 
acid reſult from the combination. Intermediate 
quantities of oxygen, between theſe two ex- 
tremes of oxygenation, produce di ferent ſpe- 
_ cies of nitrous acid; or, in other words, nitric 
acid leſs or more hong with nitrous gas. 
I aſcertained the above proportions by means of 
decompoſition ; and though I cannot anſwer for 
their abſolute accuracy, they cannot be far re- 
moved from truth. Mr Cavendiſh, who firſt 
ſhewed by ſynthetic experiments, that azot is 
the baſe of nitric acid, gives the proportions of 
azot a little larger than I have done ; bur, as it 


is not improbable that he Produced the nitrous 
3 | acid, 


= 
« * 
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acid, and not the nitric, that circumſtance ex- 
plains in ſome degree the difference in 0 re- 
ſults of our experiments. | | 
As, in all experiments of a vhiloſophical 1 na- 
ture, the utmoſt poſſible degree of accuracy is 
required, we muſt procure the nitric” acid for 
experimental purpoſes, from nitre which has 
been previouſly purified from all foreign mat- 
ters. If, after diſtillation, any ſulphuric acid is 


fuſpected in the nitric acid, it is eaſily ſeparated | 


by dropping in a little nitrat of barytes, ſo long 
as any precipitation takes place ; the ſulphuric 
acid, from its greater affinity, attracts the bary- 
tes, and forms with it an inſoluble neutral ſalt, 
which falls to the bottom. It may be purified 
in the ſame manner from muriatic acid, by drop- 
ping in a little nitrat of filver, ſo long as any 
precipitation of muriat of filver is produced. 
When theſe two precipitations are finiſhed, diſ- 
til off about ſeven-eights of the acid by a gentle 
heat, and what comes over is in the moſt perfect 
degree of purity. a 
Tze nitric acid is remarkably prone to com- 

bination, and is at the ſame time very eaſily 
decompoſed. Almoſt all the ſimple ſubſtances, 
with the exception of gold, ſilver, and platina, 
rob it leſs or more of oxygen; ſome of them 
even decompoſe it altogether. It was very an- 
ciently known, and its combinations have been 
more ſtudied by chemiſts than thoſe of any o- 

ther 
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ther acid. Theſe combinations were named 
nitres by Mefirs Macquer and Beaume ; but we 
have changed their names to nitrats and nitrites, 
according as they are formed by nitric or by ni- 
trous acid, and have added the ſpecific name of 
each particular baſe, to diſtinguiſh the __ 


combinations * E other. 


f 
f a ; 
11 „ 5 
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"00 LE of the Combinations of Sulpburic Acid with 
the Saliſiable Baſes, in the order of Afiniy. 


How of the Baſes. _ ' Reſulting Compounds. 
New Nomenclature. Old Nomenclature. 
db Cf Heav Vitriol of 
Barytes Sulphar of barytes | MO | 
Strontites 5 ſtrontites Unknown. | 
5 BTR T4 ſVitriolated tartar, Sal 
Potaſh | potaſh de duobus, Arcanum 
l 
Senn 8 1 r's ſalt. 2 
a Sn lenite, ſum, cal- 
Lame 8 g wie = 1 eareous Lia 
| Nu 3 ſom ſalt, Sedlitz ſalt, 
Magnefla magnefia_ | Magueßan vitrial. 
 Ammoniac | lien Glauber's ſecret ſal am- 
N i moniac. 
Argil! |  argill ee 
e 0100 White vitriol, Goflar vi- 
Oxyd of zine zinc [4 triol, White coperas, 
„ . Vitriol of zinc. 
UG eee eee Green coperas, 
iron r vitriol, Martial vitriol, 
3 | Vitriol of i iron. 
muanganeſe man ganeſe Vitriol of manganeſe. 
cobalt cobalt Vitriol of cobalt. 
nickel nickel Vitriol of nickel. 
r Vitriol of lead. 
Veoh =, ' tin + tin | + Vitriol of tin. : 
ri bo i I Blue coperas, Blue vi- 
copper copper 1 triol, Roman vitriol, 
| | ONE Vitriol of copper. 


+ biſmuth biſmuth  Vitriol of biſmuth. 
antimony antimony Vitriol of antimony. 


155 arſenic _ _ arſenic Viera 5 arſenic. - 
1 | 1 of mercury. 
g filver 7 1 VPoitriol of filver. 

Sold Fo V.Litriol of gold. 


Nas, x;  Vitriol of Patina. 8 
3 : Sxct. 


j oi 


N . * - *% : £ 
* £ — 5 
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ser. Xv. PORE upon 'n Sulpbric Acid, 
INT: -and ite e = 


Bok 1 a r time this 1 was procured by 
Adigillation from fulphat of iron, in which ſul- 
phuric acid and oxyd of iron are combined, 
-—acedrding to the proceſs deſcribed by Baſil Va- 
lentine in the fifteenth century; but, in mo- 
dern times, it is procured more economically 
by the combuſtion of ſulphur in proper veſſels. 
Both to facilitate the combuſtion, and to aſſiſt 
the oxygenation of the ſulphur, a little powder- 
ed ſaltpetre, or nitrat of Potaſh, is mixed with 
it; the nitre is decompoſed, giving out its oxy- 
gen to the ſulphur, and contributes to its con- 
Rey into an acid. Notwithſtanding this ad- 
dition, the fulphur will only continue to burn, 
in doſe veſſels, for a limited time; the combina- 
tion ſoon ceaſes, becauſe the oxygen is exhauſt- 
ed, and the air of the veſſels is reduced almoſt to 
=_ azotic gas; and becauſe the acid itſelf. re- 
mains long in the ſtate of vapour, and hinders 
the progreſs of combuſtion. ' f 

In the manufactories for making ſulphuric 
acid in the large way, the mixture of nitre and 
ſulphur is, hurnt in large cloſe· built chambers, 
lined with lead, having a little water at the bot- 
tom, for facilitating the condenſation of the va- 
Poux. Afterwards, by diſtillation 1 in large re- 

. torts | 


i 


DD + 
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torts with a gentle heat, the water paſſes over, 
Nightly impregnated with acid; and the ſulphu- 


ric acid remains behind in a concentrated ſtate. 


It is then pellucid, without any flavour, and 
nearly double the weight of an equal bulk of 
water. This proceſs would be greatly facili- 
tated, and the combuſtion much prolonged, by 


introducing freſh air into the chambers, by means 


of ſeveral pairs of bellows directed towards the 


flame of the ſulphur, and by allowing the ni- 


trous gas to eſcape through long ſerpentine ca- 


nals, in contact with water, to abforb any ſul- 
> "Phiaric or ſulphurous acid gas it might contain. 


By one experiment, Mr Berthollet found that 


69 parts of ſulphur in eombuſtion, united with 
31 parts of oxygen, to form 10 parts of ſul- 


phuric acid; and, by another experiment, made 


in a aint manner, he calculates that 100 


parts of ſulphuric acid conſiſt of 72 parts of ſul- 


phur, combined with 28 om of oxygen, all by 


weight. 
This acid, in common with every other, can 


only diffolve metals when they have been pre- 


viouſly oxydated ; but moſt of the metals are 
capable of decompoſing a part of the acid, ſo 


as to carry off a ſufficient quantity of oxygen, 


to render themſelves ſoluble in the part of the 
acid which remains undecompoſed. This hap» 
pens with filver, mercury, iron, and zinc, in 
Ong concentrated ſulphuric acid; they be- 
* * come 


” 
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come firſt oxydated by decompoſing part of the 
acid, and are then diſſolved in the other part; 
but they do not ſufficiently diſoxygenate the 
5 decompoſed part of the acid to reconvert it in- 
to ſulphur; it is only reduced to the ſtate of 


ſulphurous acid, which, being volatiliſed by the 
oy hen flies off i in the form of ſulphurous acid gas. 


8 Silver, mercury, and all the other metals ex- 
| pay iron and zinc, are inſoluble in diluted ſul- 
_Phuric acid, becauſe they have not ſufficient af- 
_ Hinity with oxygen to withdray it from its com- 
_ bination either with the ſulphur, the ſulphu- 
rous acid, or the bydrogen ; 3 but iron and Zinc, 


being alliſted by the action of the acid, decom- 
poſe the water, and become oxydated at its N= 


ry Without the halp.of W. 


* 
{3 
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TASLE of the Combinations of the Sulphurous A- 
cid with the Salifiable Baſes, in the -order of 


Afnity. +7, 
Names of cbe Bafa. 


? bifmuth 
antimony - 
= arſenic | 


- * R 5 1 
: 2 


Ry Platina. 


\ 


Names of th the Neutral Salts: 
Sulphite of barytes. 


potaſh, 


antimony. 
arſenic. 
mercury. 


- flver. 


gold. 


'Sxcr. 


e 2 A theſe falts Eren to the old 
F was the ſulphite of Potaſh, under the name of 
Stabi ſulpbureous ſalt + So that, before our new nomen- 
clature, theſe compounds muſt have been named Stabil 
hs e Jak, OE baſe of” fixed” Ferrer alkali; 


4 TE 


— ti this Table we ! W adler ef am- 
| nity: of the ſulphuric geid, which is the ſame in regard to 
the earths and alkalies, but it is eee eee 


the gs for the metallic oxyds.—A. 


\ 
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3 Stor, XV. Dog upon Sulpbaraus rid, 
and its Combinations. © 


"IMs 1 and is formed by the union 
of oxygen with ſulphur, in a leſſer degree of 
oxygenation | than the ſulphuric acid. It is pro- 
curable. either by burning ſulphur ſlowly, or by 
diſtilling ſulphuric acid from filver, antimony, 
lead, mercury, or charcoal; by theſe operations 
a part of the oxygen quits the acid, -uniting to 
theſe oxydable baſes, and the acid paſſes over 

in the ſulphurous ſtate of oxygenation. This 
acid, in the common preſſure and temperature 
of the air, can only exiſt in form of gas; but it 
appears, from the experiments of Mr Clouet, 
that, in a very low temperature, it condenſes, 
and becomes fluid. Water abſorbs a great deal 
more of this gas than of carbonic -acid gas, but 
much leſs than it does of muriatic acid gas. 
_ That the metals cannot be diſſolved in acids 

'vithout being e oxydated, or by pro- 

h curing oxygen, fo or that purpoſe, from the acids 
 uring ſolution, is a general and well eftabliſhed | 


A 


"i as ge eres acid i is already Cad of 

great part of the oxygen neceſſary for forming 

the ſulphuric acid, it is more diſpoſed to reco- 

ver oxygen, than to furniſh it to the greateſt 

i 1 pans metals; and, for this 9 555 it can- 
«DV .XO 91 2 not 8 


8 
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not diſſolve them, unleſs previouſly oxydated by 
other means. From the ſame principle it is 
that the metallic oxyds diſſolve without effer- 
veſcence, and with great facility, in ſulphurous 

acid. This acid, like the muriatic, has even the 
property of diſſolving metallic oxyds ſurcharg- 
ed with oxygen, and which are, conſequently, 
inſoluble in ſulphuric acid, and in this way true 
ſulphats are formed. Hence we might be led 
to conclude that there are no metallic ſulphites, 
were it not that the phenomena which accom- 
pany the ſolution of iron, mercury, and ſome 
other metals, convince us that theſe metallic 
ſubſtances are ſuſceptible of two degrees of oxy- 
dation, during their ſolution in acids. There- 
fore the neutral ſalt in which the metal is leaſt 
oxydated muſt be named ſulphite, and that in 
which it is fully oxydated muſt be called ſulpbat. 
It is yet unknown whether this diſtinction is ap- 
plicable to any of the metallic N ert 
thoſe of i iron or mercurgro. | 


* 


Tart of the Combinations of tha Phoſpboroiis 
and Phoſphoric Acids with the Sulfate Baſes, 
in the Order 7 nix. 


5 Names of the | Names of the Neutral Salts formed by 
"Baſes. 8 Acid. Pßboſpboric Acid. 


Thing? _ Phoſphites of  Phoſphats of +. 
FRI lime lime. 
Strontites X ftrontites ſtrontĩtes. 
Barytes barytes | barytes. 


Magneſia magneſta magneſia. 
ʒf:  ipomth potaſh. 


| — s + oda. 
Ammoniae agmmon ie _,  ammoniac. 
_Argll _agll | _argill. 
' Oxys d 106 OT WRT Nn 
ETV TO "105 
manganefe | manganeſe manganeſe 
cobalt cobalt cobalt. 
nickel nickel znnickel. 
tin 3 tin. 
. antimony antimony | antimony. 
. arſenic - © arſenic © arſenic. 
_ mercury 1  '' mercury} mercury. 
„ ye ad + a 
old go | gold. 
— # platina platina. 
1 pg SECT. 


„Al the phoſphites were unknown till lately, and con- 
ſequently have not hitherto received names.— A. 


- + The greater part of the phoſphats were only Aiſco- 
vered of late, and have not yet been named .—A. 


t The exiſtence of metallic phoſphites ſuppoſes that me- 
tals are ſuſceptible of ſolution in phoſphoric acid at different 


Aegrees of oxygenation, which is not yet aſcertained A. 
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Secr. XVI.—08/eroations upon Phoſphorour and 
I Phoſphoric Acids, and their Combinations. 


Under the article Phoſphorus, Part IT. Sect. IX. 
we have already given a hiſtory of the diſcos © 
very of that ſingular ſubſtance, with ſome obſer. 
vations upon the mode of its exiſtence in ve« 
getable and animal bodies. The beſt method 
of obtaining this acid in a ſtate of purity is by 
burning well purified phoſphorus under bell - 

_ glaſſes, moiſtened on the inſide with diſtilled 
water; during combuſtion it abſorbs twice and 

a half its weight of oxygen; ſo that 100 parts 
of phoſphoric acid is compoſed of 284 parts of 
phoſphorus united to 71+ parts of oxygen. This 

acid may be obtained concrete, in form of white 

flakes, which greedily attract the moiſture of the 
air, by burning e in a dry glaſs over 
mercury. 

To obtain ebe acid, which is phoſpho- | 
rus leſs oxygenated than in the ſtate of phoſpho- | 
rie acid, the phoſphorus muſt be burnt by a very 

flow ſpontaneous combuſtion over a glaſs funnel 

leading into a chryſtal phial; after a few days, 
the phoſphorus is found oxygenated, and the 
phoſphorous acid, in proportion as it forms, at- 
tracts moiſture from the air, and drops into the 
phial. The phoſphorous acid is readily changed 
| Ito phoſphoric acid by expoſure for a long time 


— 
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to the free air; it abſorbs oxygen from the air, 


and becoms fully, oxygenated. 
As phoſphorus has a ſufficient affinity for oxy- 


gen to attract it from the nitric and oxygenated 


muriatic acids, we may form phoſphoric acid, by 
means of theſe acids, in a very ſimple and cheap 
manner. Fill a tubulated receiver, half full of 
concentrated nitric acid, and heat it gently, then 
throw in ſmall pieces of phoſphorus through the 
tube, theſe are diſſolved with efferveſcence, and 
red fumes of nitrous gas fly off; add phoſphorus 
it long as it will diſſolve, and Gen increaſe the 
fire under the retort, to drive off the laſt parti- 
cles of nitric acid; Phoſphoric acid, partly fluid 


n 


ts partly concrete, remains in the retort. 


* 4 * * 
„ * . 
* 3 7 1 


43 5 p . 
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Tanuz 4 the Gombinations of Carbonic Acid, with 
the Salifiable Baſes, in the Order of Afmnity 


Names of the Toſs. Re/ulting Neutral Salts. 


a Dare N A Old ee ens he 
3 arbonats of * erated or Efferveſcent heavy 
B arytes | barytes earth,” 


Chalk, Calcareous ſpar, 


Lime lime Aerated calcareous earth. 


Strontites ſtrontites Unkndwn. 


F „„ or Akrated fixed 
Potaſli PT 1 vegetable alkali, Mephitis of 
of 1389.1 | potaſh. 

84 A rated or Efferveſeing fixed 
mineral alkali, Mephitic foda. 


 Atrated, efferveſcing, mild oc 
| mephitic magneſia. | 
Aérated, efferveſcing, mild or 

mephitic, volatile alkali. 


Magneſia 8 7 


Ammoniac ammoniac 


„ | Airated or efferveſcing argilla- 

Argill F OM argill 2 ceous earth, or Earth >F alien. 
Oxyds of 1 9 5 914 Zinc ſpar, Mephitic ar akra- 
| zinc „ S106": 2. ted zinc. 1 a 

- 3 S Sparry iron- ore ep tic or 
N 2 git | aerated iron. 5 
manganeſe manganeſe * Atrated manganeſe. 

n | cobalt  —- Acrated cobalt. 

nickel nickel _ Acrated nickel. 
ei FI {id lead ore, or  Airated 
4 i e Acẽrated tin. 
copper co per | Aerated. copper. 

biſmuth biſmuth +  AZzrated biſmuth. 
1 antimouy 1 ' Actrated antimony. | 

arſenic arſeric . Accrated arſenic. | 

| mercury | mereury '- Atrated mercury. 

- filyer |. ſilver — Actrated ſilver. 
gold gold  Atrated gold. 

, 875 5 N dae ae Akrated platin. 


c 31130 820 
%%. Gs 
*- 


7 10 theſe ales wha 4 kick underſtood of late, they 
hav not, properly ſpeaking, any old names. Mr Morveau, i in 
tbe Firſt Volume of the Encyclopedia, calls them Mephites ; 
Mr Bergman gives them the name of a#rated; and Mr de 
Foureroy, who calls the carbonic acid chalky acid, gives them 
the name of cha/bs,—A, 


« 
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Stcr. XVII. —08/ervations upon Carbonic Aci, 
and its Combinations, © 


Tm 


_ all the known acids, the bon 18 the 
moſt abundant in nature; it exiſts ready form- 
ed in chalk, marble, and all the *calcareous 
ſtones, in which it is neutralized by a particu- 
lar earth called lime. To diſengage it from this 
combination, nothing more- is requiſite than to 
add ſome ſulphuric acid, « or any other which 
has a ſtronger affinity. for 1 lime; a briſk efferveſ- | 
. cence enſues, which is p lee by the diſenga- 
ged carbonic acid aſſuming the ſtate of gas, im- 
mediately upon being ſet 0 This gas, inca- 
pable of being condenſed into the ſolid or liquid 
form by any degree of cold or of preſſure hither- 
to known, unites to about its own bulk of water, 
and thereby forms a very weak acid liquor. It 
may likewiſe be obtained in great abundance 
from ſaccharine matters in fermentation ; but is 
then contaminated by a ſmall portion of alkohol 
which it holds in ſolution — _ 
As carbon is the radical of this acid, we may 


Sn form it artificially, by burning charcoal in oxy- 


gen gas, or by combining charcoal and metallic 

oxyds in proper proportions; the oxygen of the 

oxyd combines with the carbon, forming carbo- 

nic acid gas, and the metal being 1 n reco- 
vers its metallic or reguline form. 

N are indebted for our firſt knowledge of 

| Os this 
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this acid to Dr Black, before whoſe time its pro- 
perty of remaining always in the ſtate of gas 
had made it to elude the reſearches of chemiſtry. 
It would be a moſt valuable diſcovery to ſo- 

ciety, if we could decompoſe. this gas by any | 
| cheap proceſs, as by that means we might ob- 
tain, for economical purpoſes, the immenſe 
| ſtore of charcoal contained in calcareous earths, 
marbles; limeſtones, &c. This cannot be ef- 
feed by ſingle affinity, becauſe, to decompoſe 
the carbonic acid, it requires a ſubſtance as 
- combuſtible as charcoal itſelf, ſo that we ſhould 


only make an exchange of one combuſtible bo- 


dy for another not more valuable; but it may 
_ poflibly be acccompliſhed * by. double affinity, 
ſince this proceſs is ſo readily performed by Na- 
ture, during yegetation, from the no common 


materials. 
5 TABLE 


..» Nr Scitbion Tn has | given, in the Phil. Tranſ. 
for 1791, Art. XI. ſome experiments on the decompoſi- 
tion of carbonic acid. Some powdered marble, ſlightly cal- 
. _cined, and ſome phoſphorus, being introduced into a, glaſs 

tube coated with a lite of ſand and clay, are kept in a red 
heat for ſome minutes, and ſuffered to cool ; on breaking 
the tube, a black powder is found, which conſiſts of char- 


coal and phoſphat of lime. In the laboratory of Dr Black, 


the decompoſition has been produced, via Bumida; ſome 
ſiolution of ſulphuret of potaſh, that had itood for ſeveral 


days in an open matraſs, expoſed to the air of the room, 


which had been breathed by ſeveral hundred ſtudents, was 
found to 2 depoſited charcoal « on n ſides As ths . 
£ ſel,—T. FLY . . - 
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TABLE of the Combinations: of Muriatic Acid with the 
Saliſiable Baſes, zn the Order of Afinity. 


TABLE 


Names of the | ' Reſulting Neutral Salts. 
Baſes. New Nomenclature. Old Nomenclature, 
; Barytes Muriat of 1 having baſe of 
g ä barytes heavy earth. 
5 OL e Febrifuge ſalt of Sylvius. 
Potaſh potaſn T 8 fixed 
5 3 c. 5 alkali. 
-- 008". ſoda Sea · ſalt. 
Strontites ſtrontites | 15 7 80 
5 r uriat e. 
| Lime 5 ' lime 0 Oil of TD 
85 r Marine Epſom ſalt. 
_ gnefia magneſia Muriated magneſia 
Ammonia ammonias Sal ammoniac. , 
plies e Murited alum, Sea-fal 
Argill argill 0 with baſe * earth of 
1 75 alum. | 
Oxyd of Mes Sea-ſalt of ans; or Muri- 
zinc zine atic zinc. _ 
4 8 Nr Salt of 1 iron, Or Martial 
—_— 7 
manganeſe manganeſe | © | | * Sea-ſalt of manganeſe. 
cobalt cobalt Sea-ſalt of cobalt. 
nickel nickel 5 of nickel. 
| 5 orney lead, or Plumbum 
lead ol. F 4M ps ray. 
„ flid, of = Butter of A 
copper copper Sea - ſalt of copper. 
biſmuth ke Sea -ſalt of biſmuth 
antimony antimony Sea · falt of antimony. 
arſenio arſenic 8 Sea; ſalt of arſenic. 
* 125 Sweet ſublimate of mer- 
. ſweet, of mercury cury, Calomel, Aquila 
mercury 2 alba. ' 
Fore. corroſive, of mer- Corrgfive fublimate 'of 
IP. eur . mercury. 
232 - C Horny filver, Argentum 
ins, 1 corneum, Luna corneas 
gold gold Sea · ſalt of gold. 
— crock Sea ſalt of . , 
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TaBLE of the Combinations of Oxygenated Muria- - 
tic Acid with the Sali Wbt Baſes, i in the Order 


hing. 


| 3 of the Baſes. 


Barytes 
Potaſh 
Soda 
Lime 
Magneſia 
Weg 5.x of 
e 
$08 


12 3 eſe of oY 


cobalt | 

gl niekel 
15 lead © 

tin 


4 1 1 r * * 
1 copper end: 


biſmuth ' 


\ 
{ 4-0; 1 F 
k k 
3 £6 12 : p 
* * 
” 
Sa fa „ 
— 1203 , 7 


- arſenic 
po ah 
'- filver - 
gold 
, 


nis 45 of ale, FIR en to as older che- 


barytes.” 
potaſh. 


"ſoda. © 
lime. 


magneſia. 


_ argill, 


We: zinc. 
iron. 
manganeſe. 

5 eee 2 
. nickel. 
9 lead. 


tin. 


pe 
biſmuth. 
| antimony. | * 
arſenic. Aya 


mercury. 


filver. 
gold. 
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Names of the Neutral Salts by 
the New Nomenclature. 
Oxygenated muriat of 


3 
* * 
. 24.4 
- 
141 * 
. * 
- 
4 
* 
lad 


by cr. 


miſts, was diſcovered in 1786 by Mr Berthollet —A. 


2 


je 3 8 hy * 
9 
ei. 


* 
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Sxcr. XVIII Ozſervation- upon Muriatic and 
_ Oxygenated —_— Acids, and their Combi- 
nulions. | 


Muriatic acid i is ; very abundant in the mine- 
ral kingdom, naturally combined with different 
ſalifiable baſes, eſpecially with ſoda, lime, and 
magneſia. In ſea· water, and the water of ſe- 
veral lakes, it is combined with theſe three ba- 
ſes; and in mines of rock: ſalt it is chiefly united 
to ſoda. This acid does not appear to have 
been hitherto decompoſed in any chemical ex- 
periment “, * ſo that we have no idea whatever 

of the nature of its radical, and only conclude, 

from analogy with the other acids, that it con- 
tains oxygen as its acidifying principle. Mr Ber- 
thollet ſuſpects the xadical to be of a metallic na- 
ture; but, as Nature appears to form this acid 
daily in inhabited places, by combining miaſmata 


with aẽriform fluids, this muſt neceſſarily ſuppoſe 
a metallic gas to exiſt in the atmoſphere, which 


is certainly not impoſſible, but cannot be 99 228 


ted without 82 Lanka 
The 


k 8 
1283 


* This ſubje@ 1 been already mentioned? in n fame for- 
mer notes, where the late diſcovery of this d! is faid to 


A 


3h A 7 LCL & & . 8 T 


OF CHEMISTRY. 305 


The muriatic acid has only a moderate ad- 
herence to the ſalifiable baſes, and can readily 
be driven from its combination with. theſe by 
ſulphuric acid. Other acids, as the nitric, for 
inſtance, may anſwer the ſame purpoſe ; but ni- 
tric acid being volatile, would mix, during diſtil- 
lation, with the muriatic. About one part of ſul. 
phuric acid is ſufficient to decompoſe two parts of 
decrepitated ſea - ſalt. This operation is performed 
in a tubulated retort, having Woulfe's apparatus, 
Pl. IV. Fig. 1. adapted to it. When all the junc- 
tures are properly luted, the ſea-ſalt is put into 
the retort, through the tube, the ſulphuric acid 
is poured on, and the opening is immediately 
cloſed by its ground cryſtal ſtopper. As the 
muriatic acid can only ſubſiſt in the gaſſeous 
form, in the ordinary temperature, we cannot 
condenſe it without the preſence of water. Hence 
the uſe of the water with which the bottles in 
Woulfe's apparatus are half filled; the muriatic 
acid gas, driven off from the ſea - ſalt in the retort, 
combines with the water, and forms what the old 
chemiſts called /moaking ſpirit of ſalt, or Glauber :? 
ſpirit of fea-ſalt, which we now. Dante ö I 
acid. ag ad Mary 265.) 
| The acid obtained So the ahove brobeſt; is 

ſtill capable of combining with a further quantity 8 
of oxygen, by being diſtilled from the oxyds of 
manganeſe, lead or mercury; and the reſulting 
acid, which we name oxygenated muriatic acid, 
| U e can 
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can only, like the former, exiſt in the gaſſeous 
form, and is abſorbed, but in a much ſmaller 
quantity, by water. When the impregnation 
of water with this gas is puſhed beyond a cer- 
tain paint, the ſuperabundant acid precipitates 
to the bottom of the veſſels in a concrete form. 
Mr Berthollet has ſhown that this acid is capa- 
ble-of combining with a great number of the 
ſalifiable baſes. The neutral ſalts which reſult 
from this union are ſuſceptible of deflagrating 
with charcoal, and with many of the metallic 
ſubſtances ; but theſe deflagrations are very vio- 
lent and dangerous, owing to the great quantity 
of caloric which the oxygen carries along with 
it into the compoſition of oxygenated muriatic 


Ly 


e e 


# It hag been formerly mentioned, that Murioxic acid 
would be a more convenient term for this acid, than oxy- 
genated muriatic, the one adopted in the new nomencla- 
ture by the French chemiſts: In this caſe, the combina- 
tions would be named Muricxats of barytes, &c.; inſtead 
gf the much longer, and Mey more eFident, forms of . 
eons ee. 7 
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TABLE of the Combinations of Nitro-muriatic Acid 
with the Salifiable Baſes, in the Order of AI. 
finity, o far as is known. | 


Names of the Baſes, 


Argill 
Ammoniac 
Oxyd of 
antimony 
ſilver 
arſenĩc 
Barytes 
Oxyd of 
— biſmuth. 
Lime 
Oxyd of 
cobalt 
copper 
tin 
iron 
Magne ſia 
Oxyd of 
manganeſe 


mere 
molybdeng 
nickel 
gold | 
Platina 
end 
| Potaſh is | f 
Soda 
Oxyd of 


4 tungſtein 5 ' 


zinc 


am moniac. 


- antimony. __ 


ſilver. 


arſenic, 


molybdena, | 


nickel. 


+} 1 


platina. 
lead. 

| potaſh, 
beh. 


Zinc. 


Names of the Neutral Salts: 
Nitro-muriat of argill. 


rer, 


"0, —Moſt of theſe. combinations, eſpecially thoſs 
with the earths and alkalies, have been little examined, 
and we are yet to learn whether they form a mixed ſalt, 
in which the compound radical remains combined, or if the 
two acids ſeparate, to form two diſtin neutral falts.—A. 
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; * F% ] 4 2 | "2, 0 FEA | 
SECT. XIX.—Obſervations upon the Nitro- Muri- 
atic * Acid, and its Combinations. 


The nitro-muriatic acid, formerly caled agua 
regia, is formed by a mixture of nitric and mu- 
riatic acids. The radicals of theſe two acids 
combine together, and form a compound baſe, 
from which an acid is produced, having proper- 

ties peculiar to itſelf, and diſtin& jfrom thoſe of 
all other acids, eſpecially the power « of diſſolving 
gold and platina. 

In diſſolutions of metals i in this acid, as in all 
other acids, the metals are firſt oxydated by at- 
tracting a part of the oxygen from the compound 
radical. This occaſions a diſengagement of a 
particular ſpecies of gas not hitherto deſcribed, 
which may be called nitro-muriatic gas ; it has a 
very diſagreeable ſmell, and is fatal to animal 
life when reſpired ; it attacks iron, and cauſes 
it to ruſt; it is abſorbed i in conſiderable quanti- 
ty by water, which thereby acquires ſome ſlight 
characters of acidity. I had occaſion to make 
en enn Ania a courſe of e 

: upon 
8 AG - 
1 Azg- -murjatic would. perhaps anſwer better as a term 
r wie compof nd acid; Azo-muria having been, in a 
former note, , Propoſed a 28 2 more convenient name for the 
biſe t than the more e expreſſion of eren. 


ate radical. r. 


* * 
# * 
g 
- 
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upon platina, in which I diſſolved a conſiderable 
quantity of that metal in nitro-muriatic acid. 

I at firſt ſuſpected that, in the mixture of ni- 
tric and muriatic acids, the latter attracted a 
part of the oxygen from the former, and be- 
came converted into oxygenated muriatic acid, 
which gave it the property of diſſolving gold; 
but ſeveral facts remain inexplicable upon this 
ſuppoſition. Were it ſo, we ſhould be able to 
diſengage nitrous gas by heating this acid, which 
however does not ſenſibly happen. From theſe 
conſiderations, I am led to adopt the opinion 
of Mr Berthollet, and to conſider nitro-muria- 
tic acid as a fingle acid, with a compound baſe 
or radical, : 


U3 | TazLs 
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'TanLE of the Combinations of Fluoric Acid with 
the Salifiable Baſes, in the Order of Affinity. 


Names of the Baſes. 
Lime 
Barytes 
Strontites 
Magneſia 
Potaſh 
Soda 
Ammoniac _ 
Oxyd of 
Zine 
manganeſe 
e 
lead 
tin 
cobalt 
copper 
nickel 
arſenic 
biſmuth 
ef mercury 
ſilver 
gold 0 


.platina _ = 
And, by the ary \ way, 
Fluat of argill. 


eee 


Names of the ater Salts; 
Fluat of lime &. 


barytes. 


ſtrontites. 


magneſia. 
potaſh. 
foda. 
ammoniac. 


„ 
manganeſe. 
iron. 


lead. | ; 


tin. 
cobalt. 
copper. 
nickel. - 


arſenic. 
biſmuth. 


filver. 
gold. 
platina. 


SECT. 


| Note —Theſe 1 were entirely unknown to 
the old chemiſts, and conſequently have no names in the 


old nomenclature.— A. 


Fluor ſpar, or Vitreous "Ray 
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Str. XX.—Obſervations upon the Fluoric Acid, 
| and its Combinations. 


Fluoric acid exiſts ready formed by Nature, 
in the fluoric ſpars *, combined with calcareous 
earth, ſo as to form an inſoluble neutral falt. 
To obtain it, diſengaged from that combination, 
fluor ſpar, or fluat of lime, is put into a leaden 
retort, with a proper quantity of ſulphuric acid ; 
a recipient, likewiſe of lead, half full of water, 
is adapted, and fire is applied to the retort. The 
ſulphuric acid, from its greater affinity, eæpels 
the fluoric acid, which paſſes over and is abſorb- 
ed by the water in the receiver. As fluoric acid 

is naturally in the gafſeous form in the ordinary 
temperature, we cah receive it in a pnuemato- 
chemical apparatus over mercury. We are obli- 
ged to employ metallic veſſels in this proceſs, 
becauſe fluoric acid diffolves glaſs and filiceous 
earth, and even renders theſe bodies volatile, 
carrying them over with itſelf in diftillation in 
the gaſſeous form. | 

We are indebted to Mr Margraff for our - firſt | 
acquaintance with this acid; though, as he could 
98 never 


»Tue beautiful ſpars from Derbyſhire are of this kind. 
. ; | 
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never procure it free from combination with a 
conſiderable quantity of ſiliceous earth, he was 
ignorant of its being an acid ſui generis. The 
Duke de Liancourt, under the name of Mr Bou- 
langer, has conſiderably increaſed our knowledge 
of its properties; and Mr Scheele ſeems to have 
exhauſted the ſubject. The only thing remain- 
ing is to endeavour to diſcover the nature of 
the fluoric radical, of which we cannot hitherto 
form any idea, as the acid does not appear to 
have been decompoſed in any experiment. It is 
only by means of compound affinity that experi- 
ments ought to be made with this view, with 
any probability of ſucceſs. | | 


TABLE 
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TazLz of the Combinations of Boracic Acid with 
the Salifiable Baſes, in the Order of Affimty. 


Baſes. 
Lime * 
 Barytes 
Strontites 
Magneſia 
Potaſn 
Soda 


* 


Ammoniac 


Oxyd of 
Tc * 
iron 
lead 
tin 
cobalt 
copper 
nickel 

mercury 


Argil! 


Neutral Salts. 
Borat of lime. 


barytes. 
ſtrontites. 
magneſia. 
potaſh, 
ſoda. 
ammoniac. 


zinc. 
iron. 


lead. 
tin. 
cobalt. 


copper. 


nickel. 


; Mercury. 


argill. RY: 
| SzcT. 


f Note.—Moſt of theſe combingtlolis were neither known, 


nor named by the old. chemiſts. 


The boracic acid was 


formerly called ſedative ſalt, and its compounds . 
with bal of fixed WR alkali, &c.—A. 


* By Dr Hope's experiments, in his paper on Erbes 
tes, read to the Royal Society of Edinburgh, lime follows 
barytes, and the — between lime and ſtrontites 


is uncertain.— T. 
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Szcr. XXI. Ober vation upon Boracic Acid, 
\ and its Combinations. 


This is a concrete acid, extracted from a falt 
procured in India, called borax or tincall. Al- 
though borax has been very long employed in 
the arts, we have as yet very imperfect know- 
ledge of its origin, and of the methods by which 
it is extracted and purified ; there is reaſon to 
believe it to be a native ſalt, found in the earth, 
in certain parts of the eaſt, and in the water of 
| ſame lakes. The whole trade of borax is in the 
hands of the Dutch, who have been excluſively 
poſſeſſed of the art of purifying it, till very late- 
ly, that Meſſrs L'Eguillier of Paris have rivalled 
them in the manufacture; but the proceſs ſtill 
remains a ſecret to the world. 

By chemical analyſis we learn that borax is 
a neutral ſalt with exceſs of baſe, conſiſting of 
ſoda, partly ſaturated with a peculiar acid, long - 
_ enlled Homberg's ſedative ſalt, now the boracic 
acid. This acid is found in an uncombined ſtate 
in the waters of certain lakes: That of Cher- 
chiais in Italy contains 942 grains in | each pint 
of water. 

To obtain boracic — diſolve ſome borax 
in * water, . the ſolution, and add 
3 
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ſulphuric acid, or any other having greater af- 
finity to ſoda than the boracic acid ; this latter 
acid 1s ſeparated, and is procured in a cryſtalline 
form by cooling. - This acid was long confider- 
ed as being formed during the proceſs by which 
it. is obtained, and was conſequently ſuppoſed 
to differ according to the nature of the acid 
employed in ſeparating it from the ſoda ; but 
it is now univerſally acknowledged that it is 
identically the ſame acid, in whatever way pro- 
cured; provided it be properly purified from 
mixture of other acids, by waſhing, and by re- 
peated ſolution and cryſtallization. It is foluble 
both in water and alkohol, and has the pro- 
perty of communicating a green colour to the 
flame of that ſpirit. \ This circumſtance led to 
a ſuſpicion of its containing copper, which is 
not confirmed by any decifive experiment : On 
the contrary, if it contain any of that metal, it 
muſt only be conſidered as an accidental mix- 
ture. It combines with the ſalifiable baſes in 
the humid way; and though, in this manner, it 
is incapable of diſſolving any of the metals di- 
realy, this combination is readily affected by 
compound affinity. 

The Table preſents its combinations i in the 
order of affinity in the humid way ; but there 
is a conſiderable change in the order, when 
we operate via ficea 3 for, in that caſe, argill, 

though 


— 
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though the laſt in our liſt, muſt be placed i im- 


; e e after ſoda. 

The boracic radical is hitherto OE] 

experiments having as yet been able to decom- 

poſe the acid; but wwe conclude, from analogy 

with the other acids, that oxygen exiſts in its 
won hr NG as _ e e e | 


7 
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TaApIE of the Combinations of Arſeniac Acid with 
the Saliſiable Baſes, in the Order of Affinity. 


. Baſes. 
Lime 
Barytes 
Strontites 
Magneſia 
Potaſh _ 
TI Soda 155 
Ammoniac 
Oxyd of 


zinc | 


manganeſe | 


iron 
lead 
tin 

cobalt 


copper 
nickel 


- tifmnth 
mercury 


antimony 


Ailver 
gold 
platina 

Argill 


' Neutral Sales, 


- Arkiajat of lime. 
barytes. 
ſtrontites. 

magneſia. 


potaſh. 


. = 
ammoniac. 


ZINC, 


manganeſe, 


iron. 


lead. 


tin. 


cobalt. 


copper. 
nickel. 


biſmuth. 


mercury, 


_ antimony. 
ſilver. | | 
gold. | 
platina. 
5 argill. 


ser. 


ate Tb order of falls was entirely unknown to > the 

old chemiſts. Mr Macquer, in 1746, diſcovered the com- 
binations of arſeniac acid with potaſh and ſoda, to which 

he gave the name of ar/enical neutral ſalts, -A. 
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_ SECT. XXII—Obſervations * ane Acid, 
and its Combinations. 


In the Collections of the Academy for 1746, 
Mr Macquer ſhews, that when a mixtyre of 
white oxyd of arſenic and nitre are ſubjected to 
the action of a ſtrong fire, a neutral ſalt is ob- 
tained, which he calls neutral ſalt of arſenic. 
At that time, the cauſe of this ſingular pheno- 
menon, in which a metal acts the part of an a- 
cid, was quite unknown; but more modern 
experiments teach, that, during this proceſs, 
the arſenic becomes oxygenated, by carrying 
off the oxygen of the nitric acid; it is thus 
converted into a real acid, and combines with 
the potaſn. There are other methods now 
| known for oxygenating arſenic, and obtaining 
Its acid. free from combination. The moſh ſim- 

ple and, moſt effectual of theſe is as follows: 
Diſſolve white oxyd of arſenic in three parts, 
by weight, of muriatic acid; to this ſolution, in 
a boiling ſtate, add two parts of nitrie acid, 
and evaporate to dryneſs, In this proceſs the 
nitric acid is decompoſed, its oxygen unites with 
the oxyd of arſenic, and converts it into an 
acid, and the nitrous radical flies off i in the ſtate 
of nitrous gas; while the muriatic acid i is con- 
yerted by the heatginto muriatic acid gas, and 
; may 


OF CHEMISTRY. *' 3g. 


may be collected in proper veſſels. The ar- 
ſeniac acid is entirely freed from the other acids 
employed during the proceſs by heating it in a 


crucible till it begins to grow red; what remains 


is pure concrete arſeniac acid. | | 
Mr Scheele's proceſs, which was rivet 
with great ſucceſs by Mr Morveau, in the la- 
| boratory at Dijon, is as follows: Diftil muria- 
tic acid from the black oxyd of manganeſe ; 
this converts it into oxygenated muriatic acid, 
by carrying off the oxygen from the manganeſe; 
receive this oxygenated acid in a recipient, con- 
taining white oxyd of arſenic, covered by a little 
diſtilled water; the arſenic decompoſes the oxy- 
genated muriatic acid, by carrying off its ſuper- 
| faturation of oxygen, and is converted into arſe- 
nia acid, while the oxygenated muriatic acid 
is brought back to the tate of common muriatic 
acid. The two acids are ſeparated by diſtilla- 
tion, with a gentle heat increaſed towards the 
end of the operation; the muriatic acid paſſes 
over, and the arſeniac acid remains behind i ina 
white concrete form. ; 
The arſeniac acid is condiderably leſs volatile 
than white oxyd of arſenic ; it often contains 
white oxyd of arſenic in ſolution, owing to its 
not being ſufficiently oxygenated ; this is pre- 
vented by continuing to add nitrous acid, as 
in the former proceſs, till no more nitrous gas 
is produced. From all theſe obſervations, I 
Ee would 


\ 
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would give the following definition of arſeniac 
acid. It is a white concrete metallic acid, form- 
ed by the combination of arſenic with oxygen; 


it is fixed in a red heat, is ſoluble in water, and 


is capable of © with _— of the ſali- 
. __ : 


: 870 r. XXIIL—Obſervations upon N. bie Acid, 


and iti Combinations with Acidiſiable Baſes x. 


| Malybdeka 3 is a particular metallic body, ca- 
pable of being oxygenated, ſo far as to become 


a true conerete acid . For this purpoſe, one 


part by weight of the ore of molybdena, which 
is a natural ſulphuret of that metal, is put into 


a a retort, with five or ſix parts of nitric acid, di- 
luted with a quarter of its weight of water, and 


heat is applied to the retort; the oxygen of the 


_ nitric acid acts both upon the molybdena and 
the ſulphur, converting the one into molybdic, 
and the other into ſulphuric acid ; pour on freſh 


quagtzties of nitric acid fo Tong as any reg fumes 
| e e 


I have not added the Table of theſe n 


| the order of their affinity is entirely unknown; they are 


2 called motybaats of argill 9 Potaſb, &c &c,—T. 


+ "This hat was dibornet by Mr dern to whom 


chemiſtry is indebted oor the diſcovery of ſeveral other 


1585 . . 
2 
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of hitrous gas eſcape; the molybdena is then 
oxygenated as far as is. poſſible, and is found at 
the bottom of the retort in a pulyerulent form, 
reſembling chalk. It muſt be waſhed in warm 
water, to ſeparate. any adhering particles of ſul- 
phuric acid; and, as it is hardly ſoluble, we loſe 
very litle of it in this operation. All its combi- | 
nations with falifiable baſes were anne to 
the old chemiſts *, 5 Me 


199 
. *. 
” TK << 23 2. 0D. 
TABLE 
„ 


Jes 
"EEE 


* „Nella Toadi 9 Ruptecht have lately reduced Mo- 
lybdena to the reguline ſtate, by a fimilar proceſs to that 
formerly deſcribed for reducing the metals of Chalk, Mag- 
nefia and Barytes. They deſcribe the metallic button as 
being convex gnd compact, and reſembling Reel in its co- 
lour ; its fracture is uneven and granulated, and has more 
metallic luſtre internally than on the ſurface; it is brittle, 

not hard, and not attractible by;the magnet · On the 
 furface of one of the buttons, procured in theſe experi- 
ments ſome little cavities were obſerved, in which the 
matal had ctyſtallized in form of priſmatic needles, 
which were too ſmall to allow of their particular configu- 
ration being accurately determined, The ſpecific gravity 


of this metal, according to the experiments « of Mr Haid-— . 


inger, counſellor of the Schemnitz mines, is 6.963, water 
_ being taken as I, . | 
—— 94; nag 10 9197 wit aloft Hot 


* 


* 
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0 * the Combitiations * Tungfti Acid with 
29% 1: d. ee _ 


IRE *$ 3); 

Baſe Vitra! Sales. 
Line L lime. 
Barytess be 
—AA po taſnh. 

Soda | ſoda. 
Ammoniac ammoniac. 
Oxyd of DF 

antimony *, be. . antimony +, &c. 

Ser &X1V._—Obſertations hi Tungſtic Acid, 
n Combinations. 


| " Tonatiein A is a a particular mein, the ore 5 
Which has frequently been confounded with 
khat of tin. The ſpecific gravity of this ore is 
do water as 6 to 1; in its form of cryſtallization 
| it reſembles 1 noi __ varies in colour 
Sit Hain R a: 3 from 


* The combinatichs with metallic axyds are ſet down 
9 Mr Lavoifier in alphabetical order, their order of affi- 
nity being unknown; 1 c 5 theta, as Is no 


2e 
| 3 - 
14 theſe ſalts were unknownto the old 1 


ff 
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from a pearl. white to a yellow and reddiſh; : it 
13 found in ſeveral parts of Saxony and Bohe- 
mia. The mineral called Wolfram, which is fre- 
quent in the mines of Cornwall, is likewiſe an 
ore of this metal. In all theſe ores the metal i ig 
oxydated; and, in ſome of them, it appears 
even to be oxygenated to the ſtate of acid, being 
combined with lime into a true tungſtat of lime, 
To obtain the acid free, mix one part of ore of 
tungſtein with four parts of carbonat of potalh, 
and melt the mixture ina crucible ; then powder 
nitric acid, and the . acid precipitates i in 
a concrete form. Afterwards, to inſure the coni- 
plete oxygenation of the metal, add more nitric 
acid, and eyaporate to dryneſs, repeating this 
operation ſo long as red fumes of nitrous gas are 


produced. 'To procure tungſtic acid perfectly 


pure, the fuſion of the ore with carbonat of pot- 
aſh muſt be made in a crucible of platina, other- 


wiſe the earth of the common crucibles will mix | 


with the © product, and adulterate the acid. 


X 2 ; + -44 5:4 er 
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TABLE of the Combinations of Tartarous Acid with 
the Sort awe. Nane in the Order of Mai. 


Baſes, _- | Neural Salts. 
_ - Tartarite of lime. 
| Barytes barytes. 
Stirontits  & Krrontites. 
EX. Magneſia - maagneſia. 
| Potaſh 19 . pootaſn. 
Soda ; | ſoda. 
Ammoniac LEE | ammoniac. 


zinc oh zinc. 
W iron. 
manganeſe 5 manganeſe. 
cobalt cobalt. 
nickel 3 nickel. 
V 
ä 4 
ilk - e 
antimony antimony. 
. arſenic. 5 | arſenic. 
_ filver „„ ſilver. 
r mercury. 
gold e gold. 
- - platina „ Og platina. 
1 b | Sxcr. 
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SECT. XXV. e upon Tartarous A- - 
Ne and its Creations.” fy 


Tartar, « or the concretion which fixes. to the h 
infide of veſſels in which the fermentation of 
wine is completed, is a well known ſalt, com- 
poſed of a peculiar acid, united, in conſiderable 
excels, to potaſh. Mr Scheele firſt pointed out 
the method of obtaining this acid pure: Ha- 
ving obſerved that it has a greater affinity to 
lime than to potaſh, he directs us to proceed in 
the following manner. Diſſolve purified tartar 
in boiling water, and add a ſufficient quantity 
of lime till the acid be completely ſaturated. 

The tartarite of lime, which is thus formed, be- 
ing almoſt inſoluble in cold water, falls to the 
bottom, and is ſeparated from the ſolution of 
potaſh by decantation; it is afterwards waſhed 
in cold water, and ;dried; then ſome ſulphuric 
acid, diluted with eight or nine parts of water, 
is poured on; digeſt for twelve hours in a gentle 
heat, frequently ſtirring the mixture, and the 
ſulphuric acid combines with the lime, leaving 
the tartarous acid free. A ſmall quantity of 
gas, not hitherto examined, is diſengaged during 
this proceſs. At the end of twelve hours, ha- 
ving decanted off the clear liquor, waſh the ſul- 
phat of lime in cold water, which add to the 
| tun liquor, then evaporate the whole, and 
| X 3 the 
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the tartarous acid is obtained in a concrete form, 
Tywo pounds of. purified , tartar, by means of 
from eight to ten ounces. of ſulphuric acid, yield 
about eleyen ounces of tartarous acid. 

As the combuſtible: radical exiſts in exceſs, or 
as the acid from + tartar. is not fully ſaturated. 
with oxygen, we call it tartarous acid, and the 
neutral ſalts, formed by its combinations with 
ſalifiable baſes, are named zartarites, The baſe 
of the tartarous acid is a carbono-hydrous or hy- 
dro-earbonous radical, - leſs oxygenated than in 
the oxalic acid; and it would appear, from the 
experiments of Mr Haſſenfratz, that azot enters 
into the compoſition of the tartarous radical, 

even in conſiderable quantity. By oxygenating 
; tartarous acid ſtill farther, it is convertible. into 
oxalic, malic,” and acetous acids; but it is pro- 
bable the proportions of hydrogen and carbon in 
the radical are changed during theſe converſions, 
and that the difference between theſe acids does 
not e an in KANG n e of dog 
Selatlon. 91 Nei e eu. 
The tartarous 8 ig Luſveptible of two . | 
grees of ſaturation in its-combinations with the 
fixed alkalies; by one of theſe a ſalt is formed 
with exceſs of acid, improperly called cream 
tartar,” which in our new nomenclature is na- 
med acidulous tartarite 'of potaſb; by a ſecond 
or reciprocal degree of / ſaturation a perfectly 
12 falt is Warme, formerl) y called vegetable 


3615 ; ot 
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falt, which we name ?artarite of potafh. With 
ſoda this acid forms tartarite of ſoda, formerly 
called fat de e or ſal e of Rachel, * 
ga xXVI. 3 do Malie Acid, 
and its Combinations with the Salifiable Baſes +, 


The malic acid exiſts ready formed in the 
ſour juice of ripe and unripe apples, and many 
other fruits, and is obtained as follows: Satu- 
rate the juice of apples with potaſh or ſoda, and 
add a proper proportion of acetite of lead dif- 
| ſolved in water; a double decompoſition takes 
place, the malic acid combines with the oxyd 
of lead and precipitates, being almoſt inſoluble, 
| and the acetite of potaſh or ſoda remains in the 
liquor. The malat of lead being ſeparated by 
decantation, is wafhed with cold water, and ſome 
- dilute ſulphuric acid is added; this unites with 
the lead into an inſoluble fulphat, and the ma- 
lic acid remains free in the liquor, 


IRE 


This account of the compoſition of Rochell ſalt is not 
quite accurate: It is a triple ſalt, gonſiſting of tartarous a- 
cid ſaturated by ſoda and potaſh, and is formed by com- 
pletely neutralizing acidulous tartarite of potaſh, by the 
addition of a ſufficient quantity of ſoda,—T. 


I have omitted the Table, as the order A affinity is 
unknown, and is given by Mr Lavoiſier only in alphabeti- 
cal order. All the combinations of malic acid with ſali- 
 fiable baſes, which are named malats, were unknown tg 
the old chemiſts —T. 


5 ELEMENTS. 


This acid, which is found mixed with citric 
ED tartarous acid in a great number of fruits, 
zs a kind of medium between the oxalic and ace- 
| tous acids, being more oxygenated than the for. 

mer, and leſs ſo than the latter. From this cir. 
cumſtance, Mr Hermbſtadt calls it imperfect vine- 

gar ; but it differs likewiſe from acetous acid, by 
having rather more carbon, and leſs hydrogen, 

in the compoſition of its radical. _ 
- When an acid much diluted has been uſd 5 in 
the foregoing proceſs, the liquor contains oxalic 
as well as malic acid, and probably a little tar- 
tarous; theſe are ſeparated by mixing lime-wa- 
ter with the acids, oxalat, tartarite, and malat 
of lime are produced ; the two former, being in- 
| ſoluble, are precipitated, and the malat of lime 
| remains diſſolyed; from this the pure malic acid 
is ſeparated by the acetite of lead, and afterwards 
4 * Wen acid, as en above. 


p 1 . . TABLE 
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Tani of the Combinations of Citric Acid with | 
the Salifiable Baſes, in the Order of Afinity*. 


Baſes, 
Lime 
Magneſia 
Potaſh 
Soda 
. Ammoniac 
| OR of 
Zinc 


manganeſe 


iron 
lead 
cobalt 
copper 
arſenic 
mercury 


antimony 


ſilver 
gold 
platina 
Argill 


Neutral Salts. 
bn of barytes. 


lime. 
magneſia. 
potaſh. 


oda. 


ammoniat. 


Zinc. 


manganeſe. 


iron. 


lead. 


5 cobalt. 
copper. 


arſenic. 


_ antimony. 


filver. 


gold. 


platina. 


argill 


54 


* Theſe combinations were unknown to the old che- 
miſts. The order of affinity of the ſalifiable baſes with 
this acid was determined by Mr Bergman, and by Mr de 


"_ of the TO 2 g 


+ 
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| Srer. XXVIL—Obſroations upon. Citric Hed, 
and thy ( Combinations. 


The citric acid is l by expreſſion from 
lemons, and is found in the juices of many other 
fruits mixed with malic acid. To obtain it pure 
and concentrated, it is firſt allowed to depurate 
from the mucous part of the fruit, by long reſt 
in a cool cellar, and is afterwards concentrated 
by expoſing it to the temperature of from 212 
to 23 of Fahrenheit; the water is thęreby fro- 
zen, and the acid remains liquid, reduced to 
about an eighth part of its original bulk. A 
lower degree of cold would occaſion the acid 
to be engaged among the ice, and render it dif- 
ſicultly ſeparable. This ee was pointed out 

by Mr Georgius. | 
It is more eaſily obtained by ſaturating the 
lemon: juice with lime, ſo as to form a citrat of 
lime, which is inſoluble in water; waſh this ſalt, 
and pour on a proper quantity of Aen. acid; 


tis forms a ſulphat of lime, which precipitates 


| gnd "any the citric acid free in the liquor. 


£4 8 TABLE 
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| TABLE of the Combinations of Pyro-lignous A. 
cid with ihe Sali Nable N. in the Order "of 
Aﬀnity*, 


So. - : FF Salts, 
Lime _ Pyro-lignite of lime, 

Barytes es | barytes, 

- Potaſh | 0 TY 5 | f potaſh. ; 
Soda 8 19 5 „ ſoda. 
Magneſia „ magneſia. 
. Ammoniac N 7 ammoniac, 
Oxyd of 5 e 
r ca 

2 5 manganeſe. 
M006: 5 | Iron. 
5 e 
tin 5 : e tin. 

-, cobalt Ee, © 
cpa rr... 
. nickel | nickel. 
arſenie 5 aarſenic. 
biſmuth bs m0 FD Re biſmuth. 
T - DA mercury. 
antimony „„ 
N ſilver. 
4 nga # bob. e 
platina b. Bin b platina. 
Argill „ - grglul | 
5 SECT. 


* This 28526 affinities were determined 'by Meſſrs de 
Morveau and Elel Bourfier de Clervaux. Theſe combi- 


nations were entirely unknown till lately,—A. 
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Scr. XXVIIL—Ob/ervations upon the Pyrolig- | 
nous Acid, and its Combinations, _ 


The old chemiſts obſeryed that moſt of the 
woods, eſpecially the more heavy and compact 
ones, give out a particular acid ſpirit, by dif- 
_ tillation in a naked fire; but, before Mr Goet- 

ling, who gives an account of his experiments 
upon this ſubject in Crell's Chemical Journal for 

1779, no one had ever made any inquiry into its 

nature and properties. This acid appears to be 
the ſame, whatever be the wood it is procured 
from. When firſt diſtilled, it is of a brown co- 
lour, and conſiderably impregnated with carbon 
and oil; it is purified from theſe by a ſecond 
diſtillation. The pyro-lignous radical is chiefly 
compoſed of OED and carbon. | 


F - 
- { , 


srcr. XXIX.—Obſervations upon Pyro-tarta- 
©. yous Acid, and its Combinations with the Sal- 


Fable 1 *. 


The name of Pyro-tartarous Acid is given to 


a dilute ee acid obtained from puri- 
i 8 fſied 


155 » The order of affinity of the ſalifiable baſes with this a- 


7 cid i 1s hitherto unknown. Mr r * its fimila- 


ö rity 
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fied acidulous tartarite of potaſh, by diſtillation 
in a naked fire. To obtain it, let a retort be 


half-filled with powdered tartar, adapt a tubu- 


lated recipient, having a bent tube communica- 
ting with a bell-glaſs in a pneumato-chemical 
apparatus; by gradually raifing the fire under 
the retort, we obtain the pyro-tartarous acid mix- 
ed with oil, which is ſeparated by means of a 
funnel. A vaſt quantity of carbonic acid gas is 


diſengaged during the diſtillation. The acid 
obtained by the above proceſs is much contami- 
nated with oil, which ought to be ſeparated from 


it. Some authors adviſe to do this by a ſecond 
diſtillation ; but the Dijon academicians inform 


us, that this is attended with great danger, from 


exploſions which take place during tlie proceſs. 


TABLE 


rity to pyro-lgnous acid, ſuppoſes the order to be the 
lame in both; but, as this is not aſcertained by experi- 
ment, the table is omitted. All theſe combinations, call- 
ed Ppro-tartarites, were unknown till lately. T. 
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M5 _ ELEMNEWLS 
Taz of the Combinations of Pyro-mutous Acid 
„ Ru EI ae 
nity x. WE 
5011 Aber fs + Newtral Salts. 
"Potaſh ' en , of potaſh. 
e wn 11 8 2 eee eee, 
Barytes ai un 50512 Fein 
C inooeg rnd clime.: 
Magneff.eae mmmagnefia. 
Ammoniae aqmmoniac. 
erer eee 
e ien 
manganeſe manganeſe. 
iron e 
lead WS | lead. 
„ ou mn 
cobalt | | cobalt. 
£3 deppen dapper, 
nickel t e TO: N nickel. 
"4" IR ere * arſenic 
biſm un +++ biſmuth. 
_ antimony 2580 antimony. 


SECT. 


* All _ . — were unknown to the old 


0 
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SECT» XXX. Obſervations: upon Poo MUCOUS 
Acid, and its Combinations. 


This acid is obtained by diſtillation in a gd 

fire from ſugar, and all the ſaccharine bodies; 
and, as theſe ſubſtances ſwell greatly in the 
- fire, it 1 neceſſary to leave ſeven-eights of the 
retort empty. It is of a yellow colour, verging 
to red, and leaves a mark upon the ſkin, which 
will not remove but along with the epidermis. 
It may be procured leſs coloured; by means of + 
a ſecond diftillation, and is concentrated by 
freezing, as is directed for the citric acid. It is 
_ chiefly compoſed of water and oil, lightly oxy- 
genated, and is convertible into oxalic and ma- 
lic acids, by farther e om the nitric 
acid, 
It has been pretended that a ak quantity of 
gas is diſengaged during the diſtillation of this 
acid, which is not the caſe if it be conducted 
ſlowly, by means of moderate heat. 


4 ; 
* 
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ou : wg . > : 
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Tani: of the Combinations of the Orale Acid 
with the Sali 3 _ in the der of Afﬀi- 


nity ® © 
| Bases. 5 Neutral Salts, 
Lime ont lime. 
Barytes barytes. 
Strontites _ ſtrontites. 
Potaſh _- potaſh. 
427 Soda | 5 ſoda. 
Ammoniac , ammoniac. 
| Argill argill. 
on . 
zinc Zinc. 
% iron. 
manganeſe manganeſe. 
cobalt cobalt. 
* nickel. 
: copper copper. 
biſmutk biſmuth. 
antimony antimony. 
arſenie arſenic. 
mercury mercury. 
filver fſilver. 
gold gold. 
platina platina. 
5 SECT» 


* All unknown to the old chemiſis,—A. 


Ser. xXXI 3 upon. © Ovalie Acid, 
and ita Combinations. | 


The alle acid j is ; moſtly prepared in Switzer- 
land and Germany from the expreſſed juice of 
ſorrel, from which it cryſtallizes by being left ä 
long at reſt; in this ſtate it is partly ſaturated 
with potaſh, forming a true acidulous oxalat of 
potaſh, or ſalt with exceſs of acid. To obtain 
it pure, it muſt be formed artificially by oxyge- 
nating, ſugar, which ſeems to be the true .oxalic 
radical. Upon one part of ſugar pour fix or 
eight parts of nitric acid, and apply a gentle 
heat; a conſiderable efferveſcence takes place, 
and a great quantity of nitrous gas is diſenga-, 
ged; the nitric acid is decompoſed, and its oxy- 
gen unites to the ſugar : by allowing the liquor 
to ſtand at reſt, cryſtals of pure oxalic, acid are 
formed, which muſt be dried upon blotting pa- 
per, to ſeparate any remaining portions of nitric 
acid; and, to enſure the purity of the acid, diſ- 
ſolo the cryſtals in diſtilled water, and eryſtal- 
lize them afreſh. | 

From the liquor remaining after the firſt cryſ- 
tallization of the oxalic acid we may obtain 
malic acid by refrigeration : This acid is more 
oxygenated than the oxalic ; and by a further 
ws 8 e 


* 
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can, the ſugar i is convertible into ace- 


tous acid, or vinegar. 
The oxalic acid, colbined with a ſmall quan- 
tity of ſoda or potaſh, has the property, like the 


tartarous acid, of entering into a number of com- 


binations without ſuffering decompoſition: Theſe 
combinations form triple falts, or neutral ſalts 
with double baſes, which ought to have proper 
names. The ſalt of ſorrel, which is potaſh ha- 
ving oxalic acid combined in exceſs, is named 
acidulous oxalat .. en in our new nomen- 
clature. ah 
The acid procured from fortet has been known 
to chemiſts for more than a century, being men- 
tioned by Mr Duclos in the Memoirs of the A- 
cademy for 1688, and was pretty accurately de- 
ſcribed by Boerhaave; but Mr Scheele firſt ſhewed 
that it contained potaſn, and demonſtrated its 
identity with the acid en by the oxygena- 


6 tion 1 ſugar,” 


Szer. XXI aberdeen: * dretow Acid, 
and its Combinations. 


This a acid 3 is compoſed of carbon” and hydro- 
gen united together, and brought to the ſtate 


of an acid by the addition of oxygen; it is con- 
ſequently formed of "the ſame elements with 


the * oxalic, citric, and malic acids, and 
| others, 
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T ABLE of the Combiatations of Acetous Acid 


_ 


Baſes. 


— 


| Natal Salts 2 | 


Names offi 


Acetite of * barytes - 4 


Unknown to th 
barotic acete, 


: 8 terra fol t 
| Bs and Paracelſuſ P 
4 - potaſh = < of wine, of 3 
2 | of Sylvius aul 
3 ws . Foliated earth ſth 
[ ſoda -' 4 earth. Mind a 
| — lime - |] Salt of chalk, c 
f magneſia Firſt mentioned! 
j ammoniac | Spiritus Minden 
Xp 1 8 F Known to Glaur, 
*. eee ee 1 but not name 
Sh „ 5 - manganeſe 1 Unknown to th 
3 1 Martial vinegarſ D. 
| 5 | Known to Len , 
ö 1 tin | 5 - named. 
5 | cobalt — Cobalt - | Sympathetic inlþf ! 
S 1 s Verdigris, cryſtSof 
3 | copper 7 e or of copper. - 
r | nickel n nickel - | Unknown to th Id 
1 work Sugar of bind 
F | ——— biſmuth. biſmuth Bergman, and 
4 . £ Mercurial foliatear 
; A— ver F r Iver «= d* 
| gold - .. |: gold = | Little known, fes 
1 latina platina - own. | 
Argill © - 5 9 — 21 According te! Wer 
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others, but the. elements exiſt in different pro- 
portions in each of theſe; and it would appear 


that the acetous acid is in a higher ſtate of oxy- 
genation than theſe other acids. I have ſome 


reaſon to believe that the acetous radical con- 
tains a ſmall portion of azot; and as this ele- 
ment is not contained in the radicals of any ve- 
getable acid, except the tartarous, this circum- 
ſtance 1s one of the cauſes of difference. The a- 
cetous acid, or vinegar, is produced by expoſing' 
wine to a gentle heat, with the addition of ſome: 
ferment : This is uſually the ley, or mother, 


which has ſeparated from other vinegar during 
_ fermentation, or ſome ſimilar matter. The ſpi- 
rituous part of the wine, which conſiſts of car- 
bon and hydrogen, is oxygenated, and convert- 


ed into vinegar: This operation can only take 


place with free acceſs of air, and is always at- 


tended by a diminution of the air employed, in 


conſequence of the abſorption of oxygen; 


wherefore it ought always to be carried: on in 


veſſels only half filled with the vinous liquor 
ſubmitted to the acetous fermentation. 

The acid formed during this proceſs is very 
volatile; it is mixed with a large proportion of 


water, and with many foreign ſubſtances, and 


to obtain it pure, it muſt be diſtilled, in ſtone or 
glaſs veſſels, by a gentle fire. The acid which 
paſſes over in diſtillation is ſomewhat changed 
by the proceſs, and is not exactly of the ſame 

5 Wa . 


1 U — — . — —-—-—-— Torr 


. ———— — gs en en — - —— — — 


r ⁰ ˙wt e nA 
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nature with what remains in the alembic, but 
ſeems leſs oxygenated : This circumſtance has 
not been formerly obſerved by chemiſts. 
Diſtillation is not ſufficient for depriving this 
acid of all its unneceſſary water; and, for this 
purpoſe, the beſt way is by expoſing it to a degree 
of cold of from 199 to 23? of Fahrenheit; by this 
means the aqueous part becomes frozen, and 
leaves the acid in a liquid ſtate, and conſidera- 
bly concentrated. In the uſual temperature of 
the air, this acid can only exiſt in the gaſſeous 
form, and can only be retained by combination 
with a large proportion of water. There are 
other chemical proceſſes for obtaining the ace- 
tous acid, which conſiſt in oxygenating the tar- 
tarous, oxalic, or malic acids, by means of nitric 
acid; but there is reaſon to believe the propor- 
tions of the elements of the radical are changed 
during this proceſs. Mr FHaſſenfratz is at pre- 
ſent engaged in repeating the experiments by 
which theſe converſions are ſaid to be produ- 
; ced. | „ 
The combinations of acetous acid with the 
various falifiable baſes are very readily formed; _ 
but moſt of the reſulting neutral falts are not 
cryſtallizable, whereas thoſe produced by the 
tartarous and oxalic acids are, in general, hardly 
ſoluble. Tartatite and oxalat of lime are not 
ſoluble in any ſenfible degree: The malats are 


a em between the oxalats and acetites, 
W167 4 _— | with 


OF CHEMISTRY. 341 


with reſpect to ſolubility, and the malic acid is 
in the middle degree of ſaturation between the 
oxalic and acetous acids. With this, as with all 
the acids, the metals require to be oxydated pre- 
vious to ſolution. 

The older chemiſts knew hardly any of the 
falts formed by the combinations of acetous acid 
with the ſalifiable baſes, except the acetites of 
potaſh, ſoda, ammoniac, copper, and lead. Mr 
Cadet diſcovered the acetite of arſenic &; Mr 

Wenzel, and the Dijon academicians, Mr de Laſ- | 
ſone and Mr Prouſt, made us acquainted with 
the properties of the other acetites. From the 
property which acetite of potaſh poſſeſſes, of gi- 
ving out ammoniae in diftillation, there is ſome 
reaſon to ſuppoſe, that beſides carbon and hydro- 
gen, the acetous radical contains a ſmall propor- 

tion of azot; though it is not impoſſible but the 
above production of ammoniac may-be occaſion- 
ed by the decompoſition of the potaſh, 


> > Be  Tazry 


| ©* Savans Etrangers, Vol. III. 
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; the Salifiable 1905 in the Order of Affinity. 


Baſes, N. eutral Salts, 
| 1 tes Acetat of barytes. 
Potaſh  potaſh. 
Soda ſoda. 
Lime lime. 
Magneſia magneſia. 
Ammoniac ammoniac. 
Oxyd of 5 
Eine Zinc. 
manganeſe manganeſe, 
Tron | iron. 
lead lead. 
tina tin. 
cobalt cobalt. 
copper copper. 
nickel nickel. 
arſenic arſenic. 
biſmuth biſmuth, 
mercury mercury. 
| antimony antimony, 
ſilver ſilver. 
gold gold, 
platina platina, 
Agi argill. 
DECT, - 


Note. — All theſe fals were unknown to the older che- 
miſts; and even thoſe, who are moſt verſunt ! in modern 
diſcoveries, are yet at a loſs whether the greater part of 
the ſalts produced by the oxygenated acetic radical belong 
properly to the claſs of acetites, or to that of acetats—A, 
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Srer. XXXIII. — Obſervations upon Acetic Acid, 


and its Combinations. 


We have given to radical vinegar the name of 
acetic acid, from ſuppoſing that it conſiſts of the 
ſame radical with that of the acetous acid, but 
more highly ſaturated with oxygen. According 
to this idea, acetic acid is the higheſt degree of 
oxygenation of which the hydro-carbonous radi- 
cal is ſuſceptible ; but although. this circum- 
ſtance be extremely probable, it requires to be 
confirmed by farther and more deciſive experi- 
ments, before it be adopted jas an abſolute che- 
mical truth. We procure this acid as follows: 
Upon three parts acetite of potaſh or of copper, 
pour one part of concentrated ſulphuric acid, 


and, by diſtillation, a very highly concentrated : : 


_ vinegar is obtained, which we call acetic acid, 
formerly named radical vinegar. It is not hi- - 
therto rigorouſly proved that this acid is more 
highly oxygenated than the acetous acid, nor 
that the difference between them may not con- 
fiſt in a, different proportion between the ele- 
ments of the radical or baſe. 


A TABLE 
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TaBLE of the Combinations of Succinic Acid with 
the Salifiable Baſes, in the Order of Afinity. 


Baſes. 


HBarytes 


Lime 
Potaſh 


_ Soda 
Ammoniac 
Magneſia 


Argill 
Oxyd of 
b zinc 
iron 


manganeſe 


cobalt 
nickel 
b 


; tin 


| copper | 


biſmuth 


95 antimony 


arſenic 
mercury 
filver 
gold 
platina 


Note —All the ſuccinats were unknown to the older 
wn; 


Neutra] Salts. 
 Succinat of barytes. 


lime. 
potaſh, 
ſoda. 
ammoniac. 
magneſia. 
argill, 


| zinc. 


iron. 
manganeſe. 


nickel. 


lead. 


"Mc 
copper. 


biſmuth. 


antimony. 


arſenic. 
mercury. 
ſilver. 
gold. 
platina. 


SECT. 
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SECT. XXXIV.—Obſervations upon Succinic A- 
cid, and its Combinations. : | 


The ſuccinic acid is drawn PRA amber by 
ſublimation in a gentle heat, and riſes in a con- 
crete form into the neck of the ſubliming veſſel. 
The operation muſt not be puſhed too far, or by 
too ſtrong a fire, otherwiſe the oil of the amber 
riſes along with the acid. The ſalt is dried up- 

on blotting paper, and purified by repeated ſo- 
lution and cryſtallization. 

The acid is ſoluble in twenty. four times its 
weight of cold water, and in a much ſmaller 
quantity of hot water. It poſſeſſes the qualities 
of an acid in a very ſmall degree, and only af- 
fects the blue vegetable colours very ſlightly. 
The affigities of this acid, with the ſaliſiable 

baſes, are taken from Mr de Morveau, who is 
the firſt chemiſt that has endeavoured to aſcer · 
tain them, 


1 


Sec, 
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Sgcr. XXRXV.—Obſervations upon Benzoic Acid, | 
and its Combinations with Saliſiable Baſes *. 


4+ 


This acid was known to the ancient chemiſts 
under the name of the Flowers of Benjamin, or 
of Benzoin, and was procured by ſublimation, 
from the gum or reſin called Benzoin : The 
means of procuring it, via humida, was diſco- 
vered by Mr Geoffroy, and perfected by Mr 
Scheele. Upon benzoin, reduced to powder, 
pour ſtrong lime-water, having rather an exceſs 
of lime; keep the mixture continually ſtirring, 
and, after half an hour's digeſtion, pour off the 
liquor, and uſe freih portions of lime-water in 
the ſame manner, ſo long as there is any ap- 
pearance of neutralization. Join all the decant- 
ed liquors, and evaporate as far as poſſible, with- 
out occaſioning cryſtallization, and, when the li- 
quor is cold, drop in muriatic acid till no more 
precipitate is formed. By the former part of the 
Proceſs a benzoat of lime is formed, and, by 
the latter, the muriatic acid combines with the 
lime, n. muriat of lime, which remains 
N diſſolved, 


FA Theſe combinations are called Benzoats of Lime, Pot- 
aſh, Zinc, &c.; but, as the order of affinity is unknown, 
the alphabetical table is omitted, as unneceſlary,—T, 
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diſſolved, while the benzoic acid, being inſo- 
luble, precipitates in a conerete form. 


Acid, and its Combinations with Salifiable 
Baſes *, 


Camphor is a concrete eſſential oil, obtained, 
by ſublimation, from a ſpecies of laurus which 
grows in China and Japan. By diſtilling nitric 
acid eight times from camphor, Mr Koſegarten 
converted it into an acid analogous to the oxa- 
lic; but, as it differs from that acid in ſome 
circumſtances, we have thought neceſſary to give _ 
it a particular name, till its nature be.more com- 
pletely aſcertained by farther experiment. 

As camphor is a carbono-hydrous or hydro- 
carbonous radical, it is eafily conceived, that, 
by oxygenation, it ſhould form oxalic, malic, 
and ſeveral other vegetable acids: This conjec- 
ture is rendered not improbable by the experi- 
ments of Mr Koſegarten; and the principal 
phenomena exhibited in the combinations of 
W acid with the faljfiable baſes, being 


very 


„ Theſe combinations, which were all unknown to the 
old chemiſts, are called Camphorats. The table i 15 omit- 


1 ted as being only in . order.— T. 
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very ſimilar to thoſe of the oxalic and malic a. 
cids, lead me to believe that it conhiſts of! a mix- 
ture of theſe two acids. | 


Sxcr. XXXVII.—Obſervations upon Gallic Acid, 
and its Gombinations with Salifiable Baſes *. 


The Gallic acid, formerly called the Principle 
of Aſtringency, is obtained from gall-nuts, either 
by infuſion or decoction with water, or by diſ- 
tillation with a very gentle heat. This acid 
has only been attended to within theſe few 
years. The committee of the Dijon Academy 
have followed it through all its combinations, 
and give the beſt account of it hitherto produ- 

oed. Its acid properties are very weak; it red- 
dens the tincture of turnſol, decompoſes ſul- 
phurets, and unites to all the metals, when they 
have been previouſly diſſolved in ſome. other a- 
eid. Iron, by this combination, is precipitated 
of a very deep. blue or violet colour,” The radi- 
cal of this acid, if it deſerves the name of one, 
bs: hitherto entirely unknown; it is contained 
137 , N 2 1 


Theſe combinations, which are exlled Gallats, were 
all nnknown to the older chemiſts ; and the W_ of their 
PWW DS, 
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in oak, willow, marſh iris, the ſtrawberry, nym- 
phea, Peruvian bark, the flowers and bark of 
pomegranate, and in many other woods and 
( barks. 


Sxer. XXXVIII.— Ober vationt upon Lattic A. 
cid, and its Combinations with Salifiable Baſes “. 


The only accurate knowledge we have of this 
acid is from the works of Mr Scheele. It is 
contained in whey, united to a ſmall quantity 
of earth, and is obtained as follows: Reduce 
whey to one eighth part of its bulk by evapo- 
ration, and filtrate, to ſeparate all its cheeſy 
matter; then add as much lime as is neceſſary 
to dembine with the acid ; the lime is afterwards 
diſengaged by the addition of oxalic acid, which 
combines with it into an inſoluble neutral ſalt. 
When the oxalat of lime has been ſeparated by 
decantation, evaporate the remaining liquor to 
the conſiſtence of honey; the lactic acid is diſ- 
ſolved by alkohol, which does not unite with 


the _ of milk and other foreign matters; 
_ theſe. 


* Theſe combinations are called Satin: they were all 
unknown to the older chemiſts, and their affinities have 
not yet been aſcertained, —A.. 
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_ theſe are ſeparated. by filtration * the alko- 
hol and acid; and the alkohol being evapora- 
ted or diſtilled off, leaves the lactic acid be- 

| hind. 

This acid unites with all the ſalifiable baſes, 
forming ſalts which do not cryſtallize ; and it 
ſeems conſiderably to reſent the acetous a- 
cid. | | 


. TABLE 
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T ABLE of the Combinations of Saccho-lactic Acid 
with the Salifiable Baſes, in the Order of Afi- 


_ nity. 


| Baſes. 
Lime 
Barytes 

_ Magneſia 
Potaſh 

Soda 
Ammoniac 
Argill 

Oxyd of 

zinc 


manganeſe 


iron 
lead 
tin 
cobalt 
copper 
nickel 
arſenic 
biſmuth 
mercury 
._ antimony 
ſilver 


Note. — All cheſe were unknown to 
A. | F | 


Neutral Salts. 
Saccholat of lime. 


barytes. 


magneſia. 


potaſh. 
ſoda. 
ammoniac. 
argill. 


Zinc. 


manganeſe. 
iron. 

lead. 

tin. 

cobalt. 
copper. 
nickel. 
arſenic. 


| biſl muth. 


3 


mercury. 


antimony. 
ſilver. 
SECT. 


the older chemiſts. 
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Sxcr. n upp Sacebo-laftic 
Acid, and its Combination r. 


A ſpecies of ſugar may be extracted, by eva- 
poration, from whey ; this ſubſtance has long 
been known in pharmacy, and has a conſide- 
rable reſemblance to that procured from the 
ſugar- cane. This ſaccharine matter, like or- 
dinary ſugar, may be oxygenated by means of 
nitric acid: For this purpoſe, ſeveral portions of 
nitric acid are diſtilled from it; the remaining 
liquid is evaporated, and ſet to cryſtallize, by 
which means cryſtals of oxalic acid are procu- 
red; at the ſame time a very fine white pow- 
der precipitates, which is the ſaccho-laQtic acid 
diſcovered by Scheele. It is ſuſceptible of com- 
bining with all the alkalies, with the. earths, 
and even with the metals: Its action upon the 
latter is hitherto but little known, except that, 
with them, it forms difficultly ſoluble ſalts. 
The order of ity in the table is taken from 
Bergman. 


TABL 
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TazLE of the Combinations of Formic Acid with 
the Salifiable Bafes, in the order of Affinity. 


Baſes: 
Barytes 
Potaſh 
Soda 
Lime 
Magneſia 
Ammoniac 
Oxyd of 

Zinc 


manganeſe 


iron 
lead 
. 
cobalt 
copper 
„ 
biſmuth 
ſilver 
* Argill 


2 


Neutral Salts. 
Formiat of barytes. 
_ Potaſh. 

ſoda, 


lime. 
magneſia. 
ammoniac. 


ZINC. 


_ manganeſe. 
iron. 


lead. 


r 
cobalt. 

copper. 

nickel. 


biſmuth. 
filver. 
argill. 


SECT. 


Note All unknown to the older chemiſts,—A. 
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SECT. XI. Obſervations upon Formic Acid, and 
its Combinations. 


This acid was firſt obtained by diſtillation 
from ants, in the laſt century, by Samuel Fiſher. 
The ſubje& was treated of by Margraff in 1749, 
and by Meſfrs Ardwiſſan and Ochrn of Leipfic 
in 1777. The formic acid is extracted from a 
large ſpecies of red ants, formica rufa, Lin. 
which form large ant hills in woody places. It 
is procured, either by diſtilling the ants with a 
gentle heat in a glaſs retort or an alembic ; or, 
after having waſhed the ants in cold water, and 
dried them upon a cloth, by pouring on boiling 
water, which diſſolves the acid ; or the acid may 


de procured by gentle expreſſion from the in- 


ſes, in which caſe it is ſtronger than in any 
of the former ways. To obtain it pure, we mult 
rectify, by means of diſtillation, which ſeparates 
it from the uncombined oily and charry matter; 
and it may be concentrated by freezing, in the 
manner recommended for treating the acetous 


acid. 


SECT. 
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SECT. XLI. — Obſervations upon Bombic Acid, 
and its Combinations wich Acidifiable Baſes *. 


The juices of the ſilk worm ſeem to aſſume an 
acid quality when that inſect changes from the 
larva to the chryſalis ſtate. At the moment of 
its eſcape from the latter to the butterfly form, 
it emits a reddiſh liquor, which reddens blue pa- 
per, and which was firſt attentively obſerved by 
Mr Chauſſier of the Dijon Academy: He ob- 
tained the acid by infuſing filk-worm chryſalids 
in alkohol, which diſſolves their acid without 
being charged with any of the gummy parts 
of the inſect; and, by evaporating the alkohol, 
the acid remains tolerably pure. The proper- 
ties and affinities of this acid are not hitherto 
aſcertained with any preciſion; and we have 
reaſon to believe that analogous acids may be 
procured from other inſects. The radical of this 
acid is probably, like that of the other acids from 
the animal kingdom, compoſed of carbon, hy- 
drogen, and azot, with the addition, perhaps, of 
phoſphorus. 


2 2 CEC 


, 


FTheſe combinations, named Bombats, were unknown 
to the old chemiſts ; and the aſhnities of the CO baſes 
: With the bombic acid are hitherto eee 


* 
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 TaBLE of the Combinations of the Sebacic Acid 


with the Sali ry Baſes, in the Order of Afi- 


ity. 


Baſe. 
Barytes 
Potaſh 
Soda 

Lime 
Magneſia 
Ammoniac 
Argill 


Oxyd of 


Zinc 


manganeſe 


n 
lead 


tin 


cobalt 
copper 
nickel 
arſenic 
biſmuth 
mercury 
antimony 
ſilver 


p 
ADS? G2 N 


\ 


"Neutral Salts. 

Sebat of barytes. 
potaſh. 

ſoda. 


lime. 


magneſia. 
ammoniac. 
argill. 


Zinc. 


manganeſe. 
iron. | 


lead. 
tin. 


arſenic. 
biſmuth. 
mercury. 
antimony. 
ſilver. 


cobalt. 
copper. 
nickel. 


SECT. 


| Note —All theſe were unknown to the old chemiſls.— A. 
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Szcr, XLII. Obſervations upon Sebacic Acid, 
and its Combinations. 


To obtain the ſebacic acid, let ſome ſuet be 
melted in a ſkillet over the fire, along with ſome 
quick-lime in fine powder, and conſtantly ftir- 


red, raifing the fire towards the end of the ope- 


ration, and taking care to avoid the vapours, 
which are very offenſive. By this proceſs the 
ſebacic acid unites with the lime into a ſebat of 
lime, which is difficultly ſoluble in water; it is, 
however, ſeparated from the fatty matters with 
which it is mixed by ſolution in a large quantity 
of boiling water. From this the neutral falt is 
ſeparated by evaporation ; and, to render it pure, 
is calcined, re-diſſolved, and again cryſtallized. 
After this we pour on a proper quantity of ſul- 
phuric acid, and the ſebacic nou paſſes over by 
diſtillation, 


3 7 = Sxcr. 


| Sect. XLII.—O0b/ervations upon the Lithic Aci * 
and its Combinations with the Salifiable Baſes *. 


From the later experiments of Bergman and 
" Scheele, the urinary calculus appears to be a ſpe- 
cies of ſalt with an earthy baſis; it is flightly 
acidulous, and requires a large quantity of wa- 
ter for ſolution, three grains being ſcarcely ſo- 
luble in a thouſand parts of boiling water, and 

the greater part again cryſtallizes when cold. To 
this concrete acid, which Mr De Morveau calls 
the Lithiaſic, we give the name of Lithic Acid, 
the nature and properties of which are hitherto 


very little known. There is ſome appearance 


that it is an acidulous neutral ſalt, or acid com- 

nl bined i in exceſs with a ſalifiable baſe ; and I have 

5 reaſon to believe that it really is an acidulous 

phoſphat of lime; if ſo, it muſt be excluded from 
the claſs of peculiar acids. | | 


+ TABLE 


All the combinations of this acid, ſhould it finally 
turn out to be one, were unknown to the older chemiſts, 
and its affinities with the faliflable baſes have not been 
hitherto determined. —A. 
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TazLE of the Combinations of the Pruſſic Acid 
with the Salifiable Baſes, in the Order of Afi. 


nity *. 


Baſes. 
Potaſh 
Soda 

Ammoniac 

Te 
Barytes 
Magneſia 

Oxyd of 

Zinc 
iron 
manganeſe 
cobalt 
nickel 
lead 
3 
copper 
biſmuth 
antimony 
arſenic 
ſilver 
mercury 
gold 
platina 


2 


Neutra! Satts. 
Pruſſiat of potaſh. 


ſoda. 
ammoniac. 
lime. 


barytes. 
magneſia. 


Zinc. 
iron. 


manganeſe. 


cobalt. 
nickel. 
lead. 

tin 
copper. 
biſmuth. 
antimony. 
arſenic. 
ſilver. 


mercury. 
gold. 


platina. 
SECT, 


* All theſe were oaknown to former chemiſts, A. 
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SECT. XLIV.—Obſervations upon the Pruſſic A. 
cid, and its Combinations. | 


As the experiments which have been made 
hitherto upon this acid ſeem fill to leave a con- 
ſiderable degree of uncertainty with regard to 
its nature, I ſhall not enlarge upon its properties, 
and the means of procuring it pure and diſen- 
gaged from combination. It combines with iron, 
to which it communicates a blue colour, and is 
equally ſuſceptible of entering into combination 
with moſt of the other metals, which are preci- 
| pitated from it by the alkalies, ammoniac, and 
lime, in conſequence of greater affinity. The 
Pruſſic radical, from the experiments of Scheele, 
and eſpecially from thoſe of Mr Berthollet, ſeems 
compoled of carbon and azot ; hence it 1s an acid 
with a double baſe. The phoſphorus, which has 
been found. combined with it, appears, from the 
experiments of Mr HFaſſenfratz, to be only acci- 
| dental. 

Although this acid combines with alkalies, 
earths, and metals, i in the ſame way with other 
acids, it poſſeſſes only ſome of the properties we 
have been in uſe to attribute to acids, and it 
may conſequently be improperly ranked here 
in the claſs of acids; but, as I have already ob- 


ſerved, it is difficult to form, a decided opinion 
8 upon 
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upon the nature of this ſubſtance, until the ſub- 
ject has been farther elucidated by a greater num- 
ber of experiments. 


SECT. XLV.—Recapitulation of the foregoing Ob- 
ſervations on the Acids, and their Combina- 
tions w. 


It was thaught, that it might be conducive to 
the convenience and information of the reader 
to ſubjoin the two following tables. The firſt, 
which is only a recapitulation of what is con- 
tained in the foregoing ſections, gives a gene- 
| ral view of the order of the affinities of the ſa- 
lifiable baſes with the ſeveral acids, ſo far as is 
hitherto known. Such acids as have a ſimilar 
order of affinity with theſe baſes, are placed to- 
pether, at the head of the ſame column, and 
thoſe of which the order of affinity, between 
them and the baſes, have not been hitherto aſcer- 
tained, are omitted. : 

The ſecond table contains a ſpecimen of a 
general view of the new chemical nomenclature, 


as ENT) to the neutral "ny" both in Latin 
and 


* The vihols of this 4800 was added to the ſecond edi 
tion by the Tranſlator, 
7 
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and, Engliſh. The firſt column contains the 
names of the ſeveral acids ; the ſecond is a liſt of 
the Latin terms for the 6 5. falts which theſe _ 
produce by union with the falifiable baſes, as pro- 
poſed in the new French chemical nomenolature; 
_ the third is a ſyſtematic tranſlation of theſe terms 
into Engliſh, on exactly analogous principles: 
The fourth contains another ſyſtem of Latin no- 
menclature, founded on that of the French che- 
miſts, but following rather the plan of Bergman, 
as already noticed in ſome notes ; the fifth and 
laſt column is an analogous Engliſh tranſlation of 
theſe terms. | 

In the former of theſe tables, the nomencla- 
ture recommended by Dr Black, as already 
mentioned in ſome former notes, is adopted for 

the alkaline and earthy ſalifiable baſes ; in the 
latter, the nomenclature uſed by the French 
chemiſts for theſe ſubſtances, is retained in the 

ſecond and third ſections, but the propoſed al- 
teration is introduced in the fourth and fifth, 
together with a ſimilar alteration, likewiſe for- 
merly mentioned in ſome notes, for giving 
names to the metallic oxyds, to diſtinguiſh 
theſe from the reguline or perfectly ſimple 
ſtate, analogous to alkalies. To tranſlate this 
laſt idea of nomenclature into Engliſh, required 
ſuch a violent change, that the uſual names of 


the metals in Engliſh are Es that, how- 
3 ever 
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ever, can induce no ambiguity, as it muſt be 
generally underſtood that no metal can enter 
into combination with an acid, unleſs it be pre- 

OP antes, 


TABLE 


. 
; 
N 
| 
{ 
| 
| 
| 
| 


- 


E LEM ENTS -- 


TABLE or THE Acips IN THE ORDER or 


1 AFFIN ITY. 
* II. III. IV. 
Nitrous, Nitric, | a | 
Sulphurous, Acetous, Acetic, Nitro-muriatic 
Sulphuric, Mu- and Formic A- Boracic Acid. Acid. 
| riatic, and Se-| cids. | 
bacic Acid. | 
Baryta. Baryta. Calca. Arga. 
Lixa. Lixa. Baryta. Ammona. 
Trona. Trona. Magneſia. Oxyds of 
Calca. Calca, Liza. Antimony. 
Magneſia. Magneſia. Trona. Silver. 
Ammona. Ammona. Ammona. Arſenic. 
Arga. ſoxyds of Oxyds of Baryta. 
-  JOxydsof 1 Zinc. inc. Oxyd of 
1 Zinc. Manganeſe, | Iron. | Biſmuth, 
Iron. Iron. Lead. Calca. 
Manganeſe. Lead. Tin. Oxyds of 
Cn 15 5 ys 22 Cobalt 
Nickel. obalt. per. Copper. 
Lead. Copper. Nickel. Tin 
Tin. Nickel. Mercury, | Iron. 
Copper. _ Arſenic, Arga. | Magn eſia. 
Biſmuth. Biſmuth. : Oxyds of 
Antimony. Mercury. - Manganeſe. 
Arſenic. Antimony. Mercury. 
Mercury. Silver. Molybdena- 
Silver. Gold. N ickel. 
Gold. Platina. Gold. 
Platina. Arga. | Platina, 
| Lead. 
Lixa, 
Trona. 
Oxyds of 
Tungſtein. 
Zinc, 


. 
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V. | VI. VII. 
Phoſphorous, Phoſ- | | 
| phoric, Tungſtic, | 
Tartarous, Oxalic, Carbonic Acid. Murioxie Acid. 
| and Saccho- lactic 
| Acids. | 
[OW — 
Baryta. F Calca, Lixa. 
Magneſia. Lixa. Trona. 
Lixa. Trona. Calca. | 
| Trona. Magneſia. Magneſia. | 
Ammona. Ammona. Arga. 
| Arga. Arga. | | 
| Oxyds as in Coll. I. Oxyds as in Coll 2 Oxyds as in Coll. I. 
1 — — — — - 


VIII. 


and Platina. 


Fluoric and Arfenias Citric Acid. Pyro-lignous Acid. 
Acids. tes | | 
Calca, | > . "OS _ Calca. 
Baryta. Calca. I Baryta, 
Magneſia. Magneſia. Lixa. 
Lixa. Lixa. | Trona. 
Trona. Trona. Magneſia. 
Ammona. Ammona. Ammona. 
Oxyds as in Coll. 1 Oxyds as in Coll. II. Oxyds as in Coll. II. 
Arga. omitting Tin, Nickel, * * 
; and < IIA 
BIS | Arga. | aire 
— — inn Ine 1 
| XI. a XII. XIII. 
I Pyro-mncous Acid. Succinie Acid. Praffic Acid. - 
Laxa. | Baryta. Lixa. 
Trona. Calca. Trona; 
Baryta. Lixa. Ammona 
Calca. Trona. Calca. 
Magneſia. Ammona. Baryta. | 
Ammona. Magneſia. Magneſia. 
Arga. Arga. Oxyds as in Coll. I. 
Oxyds as in Coll. II. Oxyds as in Coll. I. placing Silver before 
omitting Silver, Gold, Mercury. 23 


EE { 


* 3 2 
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TABLE or THE NoMENCLATURE 


ELEMENTS 


1» 


va e I Lavoiker 8 
2 Latin. - Engliſh. 
Sulphurous. Salphis potaſſis Sulphite of potaſh 
; ſod — of ſoda 
| CR — 15 | of Anno 
[Sulpburic. | Sulphas eile. PSelehat of lime 
e 
— bay — [——of barytes 
2.  — —xgile |——ofargil 
i Phoſphis potaſſæ Phoſphite of potaſh 
Phoſphoric. | Phoſphas ſod —— | Phoſphat of ſoda 
[Nitrous | |Nittis ammonis Nitrite of ammoniac 
Nitric. 75 | Nitras argent? £64; Nitrat of ſilver 
— — * oxygenata | Oxygenated nitrat of 
Mee | eee 
Muriatic. | Murias mercurii |Mariat of Mercury 
. "NEL potaſſæ erets Oxygenated muriat 
Muriatic. — | of potaſh 
Boracic. | Boras ſode Borat of ſoda 
Acetous. IAcetis ammoniz 5 Acetite of monie 
Acetic, &c. | Acetas cupri, &c. Acetat of copper, &c. 
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— ett det 


Propoſed Alteration, 


Latin. 


— 


Lixa ſulphuroſa 
Trona ſulphuroſa 
Ammona ſulphuroſa 
| Calca ſulphurica 
Magneſia ſulphurica 
Baryta ſulphurica 
iy ſulphurica 
|, Lixa phoſphoroſa 
Trona phoſphorica 
Ammona nitroſa 
Argenta nitrica 


Aura nitroxica 
Mercuria muriatica 
Lixa murioxica 
Trona boracica 


Ammona acetoſa 


Cupra acetica, &c. 


Engliſh. 


| Sulphurous lixa 


trona 


| Sulphuric calca | 
— magneſia 
| ——— baryta 


— — arga 


1 Phoſphorous Iixa 


Phoſphoric trona 
Nitrous ammona 
| Nitric filver 

Nitroxic geld 


| Muriatic Mercury 
Murioxic lixa 


| 


Boracic trona 


| Acetous ammona 


Acetic copper, &c. 


— 


** * ca. 2 
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N the two former parts of this work, 1 deſign- 
edly avoided being particular in deſcribing 
the manual operations « of chemiſtry ; 3 becauſe TL 
had found from experience, that in a work ap- 
propriated to reaſoning, minute deſcriptions of 
proceſſes and of plates Interrupt the chain of 
ideas, and render the nece Mary attention both 
difficult and tedious to the reader, On the 
other hand, if I had confined myſelf. to the 
ſummary deſcriptions hitherto given, beginners 
could. haye 'only acquired very, vague concep- 
tions of practical chemiſtry from my work, and 
muſt have wanted both confidence and intereſt 
in operations they could neither repeat nor 'tho- 
B Aa FR ; "rovghly 
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roughly comprehended. This want could not 
have been ſupplied from books; for, beſides 
that there are not any which deferive the mo- 
dern inſtruments and experiments ſufficiently at 
large, any work that could have been conſulted 
would have preſented theſe things under a very 
different order of arrangement, and in a dif- 
ferent chemieal language, which muſt greatly 
tend to injure the main n of my perform- 
A 

Influenced by theſe motives, I determined to 
reſerve, for a third part of my work, a ſummary 
deſcription. of all the inſtruments and manipu- 
lations relative to elementary chemiſtry. I con- 
ſider it as better placed at the end than at the 
beginning of the book; : becauſe, otherwiſe, I muſt 
have been obliged to ſuppoſe the reader conver- 
_ fant with circumſtances which a beginner cannot 
know, and to. become acquainted. with which 
he muſt haye reviouſly read the elementary 

part. The whe 5 of this Aer part may, there- 
fore, be confidered as reſembling the explana- 
tions of plates, which are uſually placed at the 
end of academic memoirs, that they may not 
interru pt the connedtion of the text, 5 Kastl. 

eped « ſcription. 3 
| Though I have taken great 1 pains. to uier 
this part clear and methodical, and have not 
Wiege any effential 1 or apparatus, 


— 
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T am far from pretending by it to ſet aſide 
the neceſſity of attendance upon lectures and la- 
boratories, for ſuch as wiſh to acquire accurate 
knowledge of the ſcience of chemiſtry. Theſe 
ſhould familiariſe themſelves to the employment 
of apparatus, and to the performance of experi- 
ments by actual experience. NVibil eft in intel- 
lectu quod non prius fuerit in ſenſu, the motto 
which the celebrated Rouelle cauſed to be paint- 
ed in large characters on a conſpicuous part of 
his laboratory, is an important truth never to 
be loſt ſight of either by teachers or ſtudents of 


F chemiſtry. 


Chemical operations may * i divided 
into ſeveral claſſes, according to the purpoſes 


they are intended for performing. Some may 


be conſidered as purely mechanical, ſuch as the 
determination of the weight and bulk of bodies, 
trituration, levigation, ſearching or ſifting, waſh- 
ing, filtration, &c. Others may be conſidered 
as real chemical operations, becauſe they are per- 
formediby means of chemical powers and agents; 
ſuch are ſolution, fuſion, &c. Some of - theſe 
are intended for ſeparating the elements of bo- . 
dies from each other, ſome for reuniting theſe 
elements together, and ſome, as combuſtion, pro- 
duce both theſe —_— SOR” the ſame peo 
ceſs. 

Without 3 endeavouring to le | 
the above method, I mean to give a detail of 

| A a 2 | | the 
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the moat operations in ſuch order of arrange- 
ment as ſeems beſt calculated for conveying in- 
ſtruction. I ſhall be more partieular in deſeri- 
bing the apparatus connected with modern che- 
miſtry, becauſe theſe are hitherto little known 
by men who, have devoted much of their time 
to chemiſtry, and even * many ran of 
the e 


e 
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Ps; Bodies. Rn 95 


Art beſt mtb tend Wer for deter- 
mining the quantities of ſubſtances 'ſub- 
mitted to chemical experiment, or reſulting from 
them, is by means of accuratel conſtructed beams 
and ſcales; with properly tegulated weights; 
which well known operation i is called weigbing. 
The denomination” and quantity of the weight 
"uſed as an unit or ſtandard for this purpoſe are 
ertrenely arbitrary, and vary, not only in diffe- 
Ki 1 7 8 but even in different provinces 


„33 


and in the arts; but, in movin yr it 10 of no 
moment what particular denomination of weight 
be employed, provided the refults of experi- 
ments be ex preffed in convenient fractions of 
the ſume denomination. For this purpoſe, un- 
til all the weights uſed in ſociety be reduced to 
the fame Randard, it it will be Lufficient for che- 

ho LEW £307 OO 
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miſts, in different parts, to uſe the common pound 
of their own country, as the unit or ſtandard, 
and to expreſs all its fractional parts in decimals, 
inſtead of the arbitrary diviſtons now in uſe. 
By this method the chemiſts of all countries will 
be thoroughly underſtood by each other; as, al- 
though the abſolute weights of the ingredients 
and products cannot be known, they will readily, 
and without calculation, be to able to determine 
the relative proportions of theſe to each other 
with the utmoſt accuracy ; ſo that in this way we 
| ſhall be poſſeſſed of an univerſal language for this 
Hor of chemiſtry. 

With this view I ho _ mp» to have 
the pound divided into decimal fractions, and I 
have of late ſucceeded through the aſſiſtance of 
Mr Fourche, balance- maker at Paris, who has 
executed i it for me with great accuracy and Judg- 
ment. I recommend to all who carry an experi- 

ments to procure ſimilar diviſions of the pound, 
which they will find both eaſy and fimple in its 
application, with a very ſmall * of de- 

cimal e R$ . 
A 


accurate directions for Sen 0 the common fabdiviſions 

of the French pound into decimal fractions, and vice vera, 
by means of tables, ſubjoined to this 3d part. As theſe 
inſtruQions, and the table, would be uſeleſs to the Britiſh 
chemiſt, from the difference between the ſubdiviſions of the 


| French and Troy pounds, I have omitted them, but have 
| | . ſubjoined 
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As the uſefulneſs and accuracy of ' chemiſtry 
depend entirely upon. the determination bf the 
weights of the ingredients and products, both 
before and after experiments, too much preei- 
ſion cannot be employed in this part of the ſub- 
ject; and, for this purpoſe, we muſt he provided 
with good inſtruments. As we are often obli- 
ged, in chemical proceſſes, to aſeertain, within 
a grain or leſs, the tare or weight of large and 
heavy inſtruments, we muſt have beams made 
with peculiar nicety by accurate workmen, 
and theſe muſt always. be kept apart from the 
laboratory, in ſome place where the vapours of 
acids, or other corroſive liquors, | cannot have 
acceſs, otherwiſe the ſteel will ruſt, and the ac- 
curacy of the balance be deſtroyed. I have 


| three! ſets, of different ſizes, made by Mr Fon- 
tin with the utmoſt, nicety, and excepting thoſe 


made by Mr Ramſden of London, I do not 
think any can compare with them for preciſion 
and ſenſibility. The largeſt of theſe, is about 
three feet long in the beam for large weights, 
up to fifteen or twenty pounds; the ſecond, for 
weights of eightean or twenty dane is exact 
A's „ einc ao. 

ſubjoined in the cope W the 
one denomination into the other, together with tables ſor 
reducing the various divifions of our Troy pound into de- 
cimals, and for converting theſe decimals into the ordi · 
nary divifions—T, | 
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to a tenth part of a grain; and the ſmalleſt, 
calculated only for weighing abqut one dram, is 
——— pode * ark hundredth park of a 
grain. 

d. Sanson nicer eee which are only 
uſed for experiments of reſearch, we muſt have 
others of leſs value for the ordinary purpoſes of 
the laboratory. A large iron balance, capable 


of weighing forty or fifty pounds, within half a 


dram; one of a middle ſize, which may aſcer- 
tain eight or ten pounds, within ten or twelve 
grains; and à ſmall one, by which about a 
pound may be determined within one grain. 


We muſt likewiſe be provided with weights 


divided into their ſeveral fractions, both vulgar 
and decimal, with the utmoſt nicety, and veri- 
fied by means of repeated and accurate trials in 


the niceſt ſcales ; and it requires ſome experi- 


ence, and to be accurately acquainted with the 

different weights, to be able to uſe them pro- 

perly. The beſt way of preciſely aſcertaining 
the weight of any particular fabſtance is to 
weigh it twice, once with the decimal diviſions 
of the pound, and another time with the com- 
mon ſubdiviſions or vulgar fractions, and, by 
e theſe, we attain the utmoſt accuracy. 


By the ſpecific gravity. of any , ſubſtance is 


ed the quotient of its abſolute weight 
divided by its magnitude, or, what is the ſame, 
the — of a Teterniinate bulk of any body. 


"The 
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The weight of a determinate magnitude of wa- 
ter has been generally aſſumed as unity for this 
purpoſe ; and we expreſs the fpecific gravity of 
gold, ſulphuric acid, &c. by ſaying, that gold is 
nineteen times, and ſulphuric acid twice the 
weight of water, and ſo of other bodies. 

It is the more convenient to affirme water as 
unity in ſpecific gravities, that thoſe ſubſtances 
whoſe ſpecific gravity we wiſh to determine, ak 
moſt commonly weighed in water for that pur- 
poſe. Thus, if we wiſh to determine the fpe- 
cific gravity of -gold flattened under the ham- 
mer, and ſuppoſing the piece of gold to weigh 
4898: Fri. in the air “, it is ſuſpended by 
means of a fine metallic wins under the ſcale of 
. a hydroſtatic balance, ſo as to be entirely im- 
merſed in water, and again weighed. The 
piece of gold i in Mr Briffon's experiment Toft by 
this means 253 gr7.; and as it is evident that 
the weight loft by a body weighed in water is 
preciſely equal to the weight of the water dif- 
placed, or to that of an equal volume of water, 
we may conclude, that, in equal magnitudes, 
gold weighs 48984 grs. and water 253 Fr.. 
which, reduced to unity, gives 1.0000 as the 
ſpecific gravity of water, and 19.3617 for that 
of — 25 may * in wy fame manner 

: with 


7 ; 


* Vide Mr Daene 0 Say upon Sers Gravity, P- S. 
. 3 
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with all ſolid ſubſtances. We have, however, 
rarely any occaſion, in chemiſtry, to determine 
the ſpecific gravity of ſolid bodies, unleſs when 
operating upon alloys or metallic glaſſes ; but 
we have very frequent neceſlity to aſcertain that 


_ of fluids, as it is often the only means of judg- 


ing of their. purity or degree of concentration. 

This object may be very fully accompliſhed, 
with the hydroſtatic balance, by weighing a ſo- 
lid body, ſuch, for example, as a little ball of 
rock cryſtal ſuſpended by a very fine gold wire, 
firſt in the air, and afterwards in the fluid 
whoſe ſpecific gravity we wiſh to diſcover. The 
weight loſt by the cryſtal, when weighed in the 
liquor, i is equal to that of an equal bulk of the 


quid. | By repeating this operation ſucceſſively 


in water and different fluids, we.can very readi- 
ly aſcertain, by a ſimple and eaſy calculation, 
the relative ſpecific gravities of theſe fluids, 
either with reſpect to each other or to water. 
This method is not, however ſufficiently exact, 
or, at leaſt, is rather troubleſome, from its ex- 
treme delicacy, when uſed for liquids differing 
but little in ſpecific gravity from water; ſuch, 
for inſtance, as mineral waters, or any other 
water containing very ſmall portions of falt in 
ſolution. £70 

In ſome ——— of this nature, which 
have not hitherto been made public, I employed 
an ** of great n for this pur- 

. on £ poſe 
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poſe with great advantage. It conſiſts of a hol- 
low cylinder, A b c F, Pl. vii. fig. 6. of braſs, or 
rather of ſilver, loaded at its bottom, bef, with 
tin, as repreſented ſwimming in a jug of water, 
In no. To the upper part, of the cylinder is 
attached a ftalk of filver wire, not more than 
three fourths of à line in diameter, ſurmounted 
by alittle cup 4, intended for containing weights; 
upon the ſtalk a mark is made at g, the uſe of 
which we ſhall. preſently explain. This cylin- 
der may be made of any ſize; but, to be accu- 
rate, ought at leaſt to 8 four pounds of 
water. The weight of tin with which this in- 
ſtrument i is loaded ought to be ſuch as will make 
it remain almoſt in equilibrium in diſtilled | 
water, and ſhould not require more than half 

a dram, or a dram at moſt, to make it ſink | 
to F 

We muſt firſt 1 with Sh preci- 
ion, the exact weight of the inſtrument, and 
the number of additional grains requiſite for 
making it ſink, in diſtilled water of a determi- 
nate temperature, to the mark: We then per- 
form the ſame experiment upon all the fluids 
of which we wiſh to aſcertain the ſpecific gravi- 
ties, and by means of calculation, reduce the 
obſeryed differences to a common ſtandard of 
cubic feet, pints, or pounds, or of decimal frac- 
You, Po them with water. This me- 
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thod, joined to experimets with certain re- 
agents &, is one of the beſt for determining the 
| quality of waters, and i is even capable of point- 
ing out differences which eſcape the moſt 'accu. 
rate chemical analyfis. T'fhall, at ſome future 
y period, give an account of a very extenfive ſet 
"or experiments nich 1 have 3 upon this 
| ſubject. e 
Theſe metallic tiythotitters are only to be 
uſed for determi! ning the ſpecific” gravities of 
ſuch waters as contain only neutral ſalts or al. 
kaline ſubſtances; and they may be cofiſtructed 
with different degrees of ballaft for alkohol and 
other ſpiritous Tiquors. When the ſpecific gra- 
vities of acid Iiquors are to be aſcertained, we 
muſt uſe a glaſs hydrometer, as repreſented 
Pl. vii. fig. 14 f. This confiſts of a hollow cy- 
linder of glaſs, abcf, hermetically ſealed at its 
lower end, and drawn out at the upper extremi- 
ty into a capillary tube a, ending in the little 
cup or baſon J. This inſtrument is ballaſted 
with more or leſs mercury; at the bottom of the 


Ae, introduced Trough the tube, in pro- 
e bf e 


* 0 i 8 ©, * * — 


5 * Fe or - the uſe of thels congenin ſee Bergman's s excellent 
treatiſe. upon the analyſis of mineral e . Che- 


mice and Phyſical e 


* 8 to the year 178 ; 1 have Pn amilar gas 
hydrometers, made for Dr Black by B. Knie, a very in- 


genious artiſt of this city.— T. 
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portion to the weight of the liquor intended to 
be examined : We may introduce a ſmall gradu- 
ated ſlip of paper into the tube ad; and, though 
theſe degrees do not exafthy.correſpond to the 
fractions of grains in the different liquors, they 
may be rendered very uſeful in calculation. 
What is ſaid in this chapter may ſuffice, with- 
out farther enlargement, for indicating the means 
of aſcertaining the abſolute and ſpecific gravities 
of ſolids and fluids, as the neceffary inſtruments 
are generally known, and may eaſily be procu- 
red: But, as the inſtruments I have uſed for 
meaſuring the gaſſes are not any where deſcri- 
bed, I ſhall give a more detailed account of theſe 
in the following chapter. : 


5 \ * 7 . * ; * 
b | mT HAP. 
1 1 s ti 
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Deſcription of the + Paeumate-chenica Apparatuz. 


HE French chemiſts have of late applied 
the name of preumato-chemical apparatus 
to the very fimple and ingenious contrivance, 
invented by Dr Prieſtley, which is now indiſpen- 
ſibly neceſſary to every laboratory. This con- 
ſiſts of a wooden trough, of larger or ſmaller 
dimenſions as is thought convenient, lined with 
plate-lead or tinned copper, as repreſented in 
_ perſpeRive, Pl. V.—In Fig. 1. the ſame trough 
or ciſtern is ſuppoſed to have two of its ſides cut 


away, to ſhow its interior conſtruction more di- 


ſtinctly. In this apparatus, we diſtinguiſh be- 


' tween the ſhelf ABCD Fig. 1. and 2. and the 


bottom or body * the ciſtern FGHI Fig. 2 
The 


& — ad __— 7 —Y 3 * * 
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The jars or bell-glaſſes are filled with water in 
this deep part, and, being turned with their 
mouths downwards, are afterwards ſet upon the 
ſhelf ABCD, as ſhewn Plate X. Fig. 1. F,—The 
upper parts of the ſides of the ciſtern above the 
level of the ſhelf are called the rim or borders. 
The ciſtern ought to be filled with water, ſo 
as to ſtand at leaſt an inch and a half deep over 
the ſhelf, and it ſhould be of ſuch dimenſions as to 
admit of at leaſt one foot of water in every direc- 
tion in the well, orciſtern. The ſize above deſcrib- 
ed is ſufficient for ordinary occaſions; but it is of- 
ten convenient, and even neceſſary, to have more 
room; I would therefore adviſe ſuch as intend 
to employ themſelves uſefully in chemical expe- 
riments, to have this apparatus made of conſide- 
rable magnitude, where their place of operating 
will allow. The well of my principal ciſtern holds 
four cubical feet of water, and its ſhelf has a ſur- 
face of fourteen ſquare feet; yet, in ſpite of this 
fize, which I at firſt chought immoderate, 1 am 
often ſtraitened for room. | 
In laboratories, where a conſiderable na 
of experiments are performed, it is neceſſary to 
have ſeveral leſſer ciſterns, beſides the large one, 
which may be called the general magazine'; and 
even ſome portable ones, which may be moved 
when neceſſary, near a furnace, or wherever 
they may be wanted. There are likewiſe ſome 
operations which dirty the water of f this appara- 
tus, 


tus, nd, 1 Tequire to be carried on in cif. 
_ terns by themſelves. . 8 
It were doubtleſs 3 1 to uſe 
* N of wood, ſimply dove-tailed, or iron- 
bound tubs, inſtead: of being lined with lead or 
copper; and in my firſt experiments I uſed them 
made in that way, but I foon diſcovered their 
inconvenience. If the water be not always 
kept at the ſame level, ſuch of the dovetails as 
are left dry. ſhrink, and, when more water is 
added, it elcapes, nn the joints, ang runs 
Ob; 1 341 
We employ cryſtal, jars or - bell leſſons, Pl. V. 
uh 9. A. for containing the glaſſes in this ap- 
paratus; and, for tranſporting theſe, when full 
of gas, from one ciſtern to another, or for keep- 
ing them in reſerve. when the ciſtern is too full, 
we make uſe of a flat diſh BC, ſurrounded by a 
ſtanding up rim or ay with two handles DE 
Un carrying it by., . 4. - 

. Aﬀer ſeveral 923g of different 1 1 
have found marble the beſt. ſubſtance for con- 
ſtructing the mercurial pneumato- chemical ap- 

paratus, as it is perfectly impenetrable by mer- 
cuxy, and i is not liable, like wood, to ſeparate at 
the junQures, or to allow the mercury to eſcape | 
through chinks ; neither does it run the riſk of 
breaking; like Saks, ſtone - ware, or porcelain, 
Take a block of marble BC DE, Plate V. Fig. 3. 


and 4+ about twa, feet longs, IS. or 18 inches 
| broad, 
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broad and ten inches thick, and cauſe it to be 
hollowed out, as at m n, Fig: 5. about four inches 
| deep, as a reſervoir for the mercury ; and, to be 
able more conveniently to fill the jars, cut the 
+ gutter T V, Fig. 3. 4. and 5. at leaſt four inches 
deeper ; and as this trench may ſometimes prove 
troubleſome, it is made capable'of being covered 
at pleaſure by thin boards, which flip into the 
grooves x , Fig. 5. I have two marble ciſterns 
upon this conſtruction, of different fizes, by 
which I can always employ one of them as a re- 
ſervoir of mercury, which it preſerves with more 
ſafety than any other veſſel, being neither ſubject 
to overturn, nor to any other accident. We o- 
perate with mercury in this apparatus exactly as 
with water in the one before deſcribed ; but the 
bell-glafſes muſt be of ſmaller diameters, and 
much ſtronger z or we may ule glaſs tubes, ha- 
ving their mouths widened, as in Fi ig. 7: + theſe. 
are called eudiometery by the glaſs- men who” ſelt 
them. One of the bell-glaſſes is repreſented 
Fig. 5. A. ſtanding in i its place, and What! 18 cal- 
led a jar is engraved „„ 
The mercurial pneumato- chemical apparatis 
is neceſſary in all experiments wWheren the diſen- 
gaged gaſſes are capable of being abſorbed by 
water, as is frequently t the caſe, eſpecially i in all 
combinations, excepting thoſe 25 wetals, i in fer- 
9 . £7 ” 


B b . 
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SE CT. BL 


Of the Gazometer. 


I give the name of gazometer to an inſtrument 
which I invented, and . cauſed to be conſtructed, 
for the purpoſe of a kind of bellows, which might 
furniſh, an uniform and continued ſtream of oxy- 
gen gas in experiments of fuſion. Mr Meuſnier 
and 1 bave fince made very conſiderable correc- 
tions and additions, having converted it into what 
may be called an univerſal inſtrument, without 
which it is hardly poſſible to perform moſt of the 
very exact experiments. The name we have gi- 
ven the inſtrument indicates its intention for 
| meaſuring the volume or quantity of gas ſub- 
mitted to.it for examination, _ 

It conſiſts of a ſtrong iron. beam, DE, Pl. vil. 
Fig. I, three feet long, having at each end, D, 
and E, a ſegment of a circle, likewiſe ſtrongly 
conſtructed of i iron, and very firmly joined. In- 
ſtead of being poiſed as in ordinary balances, 
this beam reſts, by means of a cylindrical : axis of 

poliſhed ſteel, F, Fig. 9. upon two large move- 
able. braſs friction-wheels, by which the re- 
fiſtance to its motion from friction is conſider- 
ably diminiſhed, being converted into friction 


of the ſecond order. As an additional precau- 
tion, 
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tion, the parts of theſe wheels which ſupport 
the axis of the beam are covered with plates of 

| poliſhed rock-cryſtal. The whole of this machi- 
nery is fixed to the top of the ſolid column of 
wood BC, Fig. 1. To one extremity D of the 
beam, a ſcale P for holding weights is ſuſpend- 
ed by a flat chain, which applies to the curvature 
of the arc Do, in a groove made for the pur- 
poſe. To the other extremity E of the beam is 
applied another flat chain, i & n, ſo conſtructed, 
as to be incapable of lengthening or ſhortening, 
by being leſs or more charged with weight; to 
this chain, an iron trivet, with three branches, 
a i, ci, and bz, is ſtrongly fixed at i, and theſe 
branches ſupport a large inverted jar A, of ham- 

| red | copper, about 18 inches diameter, and 
20 inches deep. T he whole of this machine is 
repreſented in, perſpective, Pl. VIII. Fig 1. and 
Pl. IX. Fig. 2. and 4. give perpendicular ſec- 
tions which ſhew its interior ſtructure. al 
Round the bottom of the jar, on its outſide, 
is fixed, Pl. IX. Fig. 2. a border divided into 
compartments 1, 2, 3, 4, &c. intended to re- 
ceive leaden weights ſeparately reprefented 1, 
2, 3, Fig. 3. Theſe are intended for increaſing 
the weight of the jar when a confiderable preſ- 
ure is requiſite, as will be afterwards explain- 
ed, though ſuch neceſſity ſeldom occurs. The 
cylindrical jar A is entirely open below, d e, 
Pl. IX. Fig. 4- ; but is cloſed above with a copper 
407 10 58-2705 515 25750 008 
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lid, a b c, open at bf, and capable of being ſhut. 


by the cock g. This lid, as-may be ſeen by in- 


ſpecting the figures, is placed a few inches within 


the top of he jar, to prevent the jar from being 
ever entirely immerſed in the water, and covered 
over: Were I to have this inſtrument made over 
again, I ſhould cauſe the lid to be conſiderably 
more flattened, ſo as to be almoſt level. This 
jar or reſervoir of air is contained in the cylin- 
drical copper veſſel "SO" Pl. VIII. Fi ig 1. 
filled with water. 

In the middle of the dead veſſel LMNO, 
Pl. IX. Fig. 4. are placed two tubes £7, x y, 
which are made to approach each other at their 
upper extremities 5 theſe are made of ſuch a 
length as to riſe a little above the upper edge 
LM of the veſſel LMNO, and when the jar abcde 
tonches the bottom NO, their upper ends enter 
about half an inch into the conic al hollow , 
leading to the ſtop- cock g. | 
'The bottom of the veſſel LMNO i is repreſent- 
ed Pl. IX. Fig. 3. in the middle of which a 
ſmall hollow hemiſpherical cap is ſoldered, which 


may be conſidered as the broad end of a funnel 


| reverſed; the two tubes «7, x y, Fig. 4. are ad- 
apted to this cap at / and x, and by this means 


communicate with the tubes mm, un, oo, pp, Fig-3- 


which are fixed hof iz ontally upon the bottom 
of the veſſel, and all of which terminate in, and 
are united by, the ſpherical cap &. Three of 

theſe tubes are continued out of the veſſel, as in 
| | | Pl. 
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Pl. VIII. Fig. 1. The firſt marked in that figure 

1, 2, 3, is inſerted at its extremity 3, by means 
of an intermediate ſtop- cock 4, to the jar V. 
which ſtands upon the ſhelf of a ſmall pneumatg- 


chemical apparatus GHIK, the inſide of which 


is ſhewn Pl. IX. Fig. 1. The ſecond tube is ap- 
plied againſt the outſide of the veſſel] LMINO from 
6 to 7, is continued at 8, 9, 10, and at 11 is en- 
gaged below the jar v. The former of theſe 
tubes is intended for conveying gas into the 
machine, and the latter for conducting ſmall 


quantities for trials under jars. The gas is made 
either to flow into or out of the machine, accord- 


ing to the degree of preſſure it receives; and 
this preſſure is varied at pleaſure, by loading 


the ſcaleP leſs or more, by means of weights. 


When gas is to be introduced into the machine, 
the preſſure is taken off, or even rendered ne- 
gative; but when gas is to be expelled, a preſ- 
ſure is made Wien ſuch _ of force as is found 
neceſſary. __ | 
Ihe third tube I2, 13, 14. 15, is lotended for 
conveying air or gas to any neceſlary place or 
apparatus for combuſtions, combinations, or any 
other experiment in which it may be required. 
Jo explain the uſe of the fourth tube, I muſt 
enter into ſome diſcuſſions, Suppoſe the veſſel 
LMNO, Pl. VIII. Fig. 1. full of water, and the 
jar A partly filled with gas and partly with 
3 water it is evident that the weights in the ba- 
10 B b3 ſon 
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ſon Pi may be ſo adjuſted, as to occafion an ex- 
act equilibrium between the weight of the baſon 
and of the jar, ſo that the external air ſhall not 
tend to enter into the j Jar, nor the gas to eſcape 
from it; and in this caſe. the water will ſtand 
exactly at the ſame level both within and with- 
out the jar. On the contrary, if the weight in 
the baſon P be diminiſhed, the jar will then preſs 
downwards from its own ie) and the water 
will ſtand lower within the jar than it does 
without; in this caſe, the included air or gas 
will ſuffer a degree of compreſſion above that 
experienced by the external air, exactly propor- 
tioned to the weight of a column of water, equal 
to the difference of the external and internal 
ſurfaces of the water. | | 
From theſe reflections, Mr Meuſnier contrived 
a method of determining the exact degree of preſ- 
ſure to which the gas contained in the jar is at 
any time expoſed. For this purpoſe, he employs 
a double glaſs ſyphon 19, 20, 21, 22, 23, firmly 
cemented at 19 and 23. The extremity 19 of 
this ſyphon communicates freely with the water 
in the external veſſel of the machine, and the 
extremity 23 communicates with the fourth 
tube at the bottom of the cylindrical veſſel, and 
_ conſequently, by means of the perpendicular | 
tube 57, PL IX. Fig. 4. with the'air contained in 
the jar. He likewiſe cements, at 16, Pl. VIII. 
Fig. 1. another , tune 16, 17, 18, which 
3 E communicates 
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communicates at 16 with the water in the exte- 
rior veſſel LMNO, and, at its upper end 18, is 
open to the external air. 

By theſe ſeveral contrivances, it is 3 
that the water muſt ſtand in the tube 16, 17, 18, 
at the ſame level with that in the ciſtern LMNO : 
and, on the contrary, that, in the branch 19, 
20, 21, it muſt ſtand higher or lower according 
as the air in the jar is ſubjected to a greater or 
lefler preſſure than the external air. To aſcer- 
tain theſe differences, a braſs ſcale divided into 
inches and lines is fixed between theſe two 
tubes. It is readily conceived that, as air, and 
all other elaſtic fluids, muſt increaſe in weight 
by compreſſion, it is neceſſary to know their 
degree of condenſation to be enabled to calcu- 
late their quantities, and to convert the meaſure 
of their volumes into correſpondent weights; 
and this object is intended to be fulfilled by the 
contrivance now deſcribed. _ 

But, to determine the ſpecific gravity of air or of 
gaſſes, and to aſcertain their weight in a known 
volume, it is neceſſary to know their tempera- 
ture, as well as the degree of preſſure under 
which they ſubſiſt; and this is accompliſhed by 
means of a ſmall thermometer, ſtrongly cement- 
ed into a braſs collet, which ſerews into the lid 
of the jar A. This thermometer is repreſented 
ſeparately, Pl. VIII. Fig. 10. and in its place 
24. 25, Fig. 1. and Pl. IX. Fig, 4. The bulb is 

BUDS. in 
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in che inſide of the jar A, and its graduated a 
riſes on the outſide of the lid.” 

The pradlice of gazometry would till have 
laboured under great difficulties, without farther 
Precautions than thoſe above deſcribed. - When 
the jar A ſinks in the water of the ciſtern 
LMNo, it muſt loſe a weight equal to that of 
the water which it diſplaces ; and conſequently 
the compreſſion which it makes upon the con- 
- tained air or gas muſt be proportionally dimi- 
niſhed. Hence the gas furniſhed, during experi- 
ments from the machine, will not haye the ſame 
denſity towards the end that it had at the begin- 
ning, as its ſpecific gravity is continually dimi- 
niſhing. This difference may, it is true, be de- 
_ termined by calculation but, this -would have 
oecafioned ſuch mathematical inveſtigations as 
muſt have rendered. the ule of this apparatus 

both troubleſome and difficult. Mr Meuſnier 
5 has remedied this inconvenience by the follow- 
| ing contrivance. on ſquare rod of iron, 26, 
27, Pl. VIII. Fig. 1. is raiſed perpendicular to 
the middle of the beam DE. This rod paſſes 
through a hollow box of braſs 28, which opens, 

and may be filled with lead; and this box is 
made to fide alongſt the road, by means of a 
toothed pinion playing in a rack, ſo as to raiſe or 
lower the box, and to fix it at e places as is 
| feigen proper. | 

When the lever or beam DE Rands horizon- 
47 tal, 
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tal, this box gravitates to neither ſide ; but, 
when the jar A finks into the ciſtern LMNO, 
ſo as to make the beam incline to that fide, it is 
evident the loaded box 28, which then paſſes 
beyond the center of ſuſpenſion, ' muſt gravi- 
tate to the ſide of the jar, and augment its 
preſſure upon the included air. This is in- 
creaſed in proportion as the box is raiſed to- 
wards 27, becauſe the ſame weight exerts a 
greater power in proportion to the length of 
the lever by which it acts. Hence, by moving 
the box 28 along the rod 26, 27, we can aug- 
ment or diminiſh the correction it is intended 
to make upon the preſſure of the jar; and both 
experience and calculation ſhew that this may 


de made to compenſate very exactly for the loſs 


of weight in the jar at all degrees of preſſure. 
I have not hitherto explained the moſt im- 
portant part of the uſe of this machine, which 
is the manner of employing it for aſcertaining 
the quantities of the air or gas furniſhed during 
experiments. To determine this with the moſt 
rigorous . preciſion, and likewiſe the quantity 
ſupplied to the machine from experiments, we 
fixed to the arc which terminates the arm of 
the beam E, Pl. VIII. Fig. 1. the braſs ſector 
1 m, divided into degrees and half degrees, 


which conſequently moves in common with the 
beam; and the lowering of this end of the 
beam is meaſured by the fixed index 29, 30, 

Which 
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which bas a Nonius giving hundredth pack of a 
1 at its extremity 30. 
The whole particulars of the different parts 


of the above deſcribed machine are e e 


in Plate VIII. as follow. 

Fig. 2. Is the flat chain invented by Mr Vau- 
canſon, and employed for ſuſpending the ſcale 
or baſon P, Fig. 1.; but, as this lengthens or 
ſhortens according as it is more or leſs loaded, it 
would not have anſwered for r ſuſpending the) jar 
ig. . 

Fig. 5. Is the khan i k n, which in Fig. 1. 


ſuſtains the jar A. This is entirely formed of 


plates of poliſhediiron interlaced into each other, 
and held together by iron pins. This chain 


does not lengthen in any ſenſible degree, by any 


e it is capable of ſupporting. 
Pig. 6. The trivet, or three branched ſtir- 
rup,- by which the jar A is hung to the balance, 
with the ſcrew by which it 1 is an in an accu- 
_ vertical poſition,  ' 
Fig. 3. The iron rod 26, 27, which. is fixed 
| ++). wry to the center of the © beam, with its 
box 28. 
2 Pig. 7. & 3. The friction -wheels, W the 


plates of rock cryſtal Z, as points of contact by 


which the friction of the axis 100 the lever of the 
e is avoided. 
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ig 4. The piece of metal which ſupports 
the axis of the friction wheels. 

Fig. 9. The middle of the lever or beam, 
with the axis upon which it moves. 

Fig. 10. The thermometer for determining 
the temperature of the air or gas eee in 
the jar. 6 f | 

When this gazometer is to be uſed, the eil. 
tern or external veſſel, LMNO, Pl. VIII. Fig. 1. 
is to be filled with water to a determinate height, 
which ſhould be the ſame in all experiments. 
The level of the water ſhould be taken when the 
beam of the balance ſtands horizontal; this 
level, when the jar is at the bottom of the eiſ- 
tern, is increaſed by all the water which it diſ- 
places, and is diminiſhed in proportion as the 
jar riſes to its higheſt elevation. We next en- 
deavour, by repeated trials, to diſcover at what 
elevation the box 28 muſt be fixed, to render 
the preſſure equal in all fituations of the beam. 
I ſhould have ſaid nearly, becauſe this correc- 

tion is not abſolutely rigorous ; and differences 
of a quarter, or even of half a line, are not of 
any conſequence. This height of the box 28 
is not the ſame for every degree of preſſure, but 
varies according as this is of one, two, three, or 
| more inches. All theſe ſnould be NS with 

great order and preciſion.' + | 

We next take a bottle which olds eight or 
ten 1 the TORY of 'which is very accu- 

4 8 | _ 
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rately determined by weighing the water it is 
capable of containing. This bottle is turned 
bottom upwards, full of water in the ciſtern of 
the pneumato- chemical apparatus GHIK, Fig. x. 
and is ſet on its mouth upon the ſhelf of the 
apparatus, inſtead of the glaſs jar V, having the 
extremity 11 of the tube 7, 8, 9, 10, 11, in- 
ſerted into its mouth. The machine is fixed at 
zero of preſſure, and the degree marked by the 
index 30 upon the ſector m 7 is accurately ob- 

ſerved ; then, by opening the ſtop- cock 8, and 

prefling a little upon the jar A, as much air is 
forced into the bottle as fills it entirely. The 
degree marked by the index upon the ſector is 
now obſerved, and we calculate what number 
of cubical inches correſpond to each degree. 
We then fill a ſecond and third bottle, and fo 
on, in the ſame manner, with the ſame precau- 

tions, and even repeat the operation ſeveral times 
with bottles of different ſizes, till at laſt, by ac- 
curate attention, we aſcertain the exact gage or 
capacity of the jar A, i in all its parts; but it is 
better to. have it formed at firſt accurately cy- 


| lindrical; by which we.avoid theſe calculation 


12 eſtimates. s 
The inſtrument I dern "Ye n was 


= entordes with great accuracy and uncommon 


{kill by Mr Meignie junior, engineer and phyſi- 
cal inſtrument- maker. It is a moſt valuable in- 


ne from the great number of purpoſes to 
f 2 | which 
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which it is applicable; and, indeed, there are 
many experiments which are almoſt impoſſible 
to be performed without it. It becomes ex- 
penſive, becauſe, in many experiments, ſuch as 
the formation of water and of nitric acid, it is 
abſolutely neceſſary to employ two of the ſame 
machines In the preſent advanced ſtate of che- 
miſtry, very expenſive and complicated inſtru- 
ments are become indiſpenſably neceſſary, for 
aſcertaining the analyſis and ſyntheſis of bodies, 
with the requiſite preciſion as to quantity and 
proportion; it is certainly proper to endeavour 
to ſimplify theſe, and to render them leſs coſtly; 
but this ought by no means to be attempted at 
the expence of their conveniency of e 
Y 11 much 008 of their accuracy. 


. 


Some other Methods of meaſuring the Volume of 
6 aſſes Worms 


The gazometer deſcribed in the. foregoing. 
ſection is too coſtly and too complicated for be- 
ing generally uſed in laboratories for meaſuring 
the gaſſes, and is not even applicable to every 
circumftance of this kind. In numerous ſeries 
of n more ſimple and more readily 
| applicable 


applicable methods muſt be employed. For this 
purpoſe I ſhall deſcribe the means I uſed before 
I was in poſſeſſion of a gazometer, and which I 
{till uſe in preference to it in the LTH courſe 
of my experiments. | | 
- Suppoſe that, after an experiment, there. i is a 
reſiduum of gas, neither abſorbable by alkali nor 
water, contained in the upper part of the jar 
AEF, Pl. IV. Fig. 3. ſtanding on the ſhelf of a 
pneumato- chemical apparatus, of which we wiſh 
to aſcertain the quantity; we muſt firft mark the 
height to which the mercury or water riſes in 
the jar with great exactneſs, by means of flips 
of paper paſted in ſeveral parts round the jar. 
If we have been operating in mercury, we be- 
gin by diſplacing the mercury from the jar, by 
introducing water in its ſtead. This is readily 
done by filling a bottle quite full of water; ha- 
ving ſtopped it with your finger, turn it up, and 
introduce its mouth below the edge of the jar; 
then, turning down its body again, the mer- 
_ cury, by its gravity, falls into the bottle, and 
the water riſes in the jar, and takes the place 
occupied by the mercury. When this is ac- 
compliſned, pour ſo much water into the ciſ- 


tern ABCD as will ſtand about an inch over the 


ſurface of the mercury; then paſs the diſh BC, 
Pl. V. Fig. 9. under the jar, and carry it to the 
Water ciſtern, Fig. 1. and 2. We here ex- 
n the gas into another j Jar, which has been 

| previouſly . 
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previouſly graduated in the manner to be after- 
wards deſcribed; and we thus judge of the 
quantity or volume of the gas by means of the 
degrees which it occupies in the graduated jar. 
There is another method of determining the 
volume of gas, which may either be ſubſtituted 
in place of the one above deſeribed, or may be 
uſefully employed as a correction or proof of 
that method. After the air or gas is exchanged 
from the firſt jar, marked with ſlips of paper, 
into the graduated: jar, turn up the mouth of 
the marked jar, and fill it with water exactly to 
the marks EF, Pl. IV. Fig. 3. and by weighing 
the water, the volume of the air or gas it con- 
tained may be determined; allowing one cubical 
foot or 1728 cubical inches, French meaſure, for 


each 70 libr. French weight, or the ſame cubical 


volume in Engliſh meaſure for each 75. Bs libs. 
Engliſh Troy, of the water. 

The manner.of graduating jars for this pur- 
poſe is very eaſy, and we ought to be provided 
with ſeveral of different ſizes, and even ſeveral 
of each ſize, in caſe of accidents. ; Take a tall, 
narrow, and ſtrang glaſs jar, and, having filled 
it with water in the ciſtern, PI. V. Fig. 1. place 
it upon the ſhelf ABC D; we ought always to uſe 
the ſame place for this operation, that the level 
of the ſhelf may be always exactly ſimilar, by 
which almoſt the only error to which this pro- 
ceſs is liable will be avoided. Then take a nar- 

row- 
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| ene; phial holding exactly 5/02. 2 
drams,' 12 gts. of water, which correſponds to 10 
 eubical inches. If you have not one exactly of 
this dimenſion, chooſe one a little larger, and 
diminiſh its capacity to the fize requiſite, by 
dropping in a little melted wax and roſin. This 
ſmall phial ſerves the purpoſe of a ſtandard for 
gaging the jars. Make the air contained in this 
bottle paſs into the jar, and mark exactly the 
place to which the water has deſcended; add 
another meaſure of air, and again mark the place 
of the water, and ſo on, till all the water be 
diſplaced. It is of great conſequence that, du- 
ring the courſe of this operation, the bottle and 
jar be kept at the ſame temperature with the wa- 
ter in the ciſtern; and, for this reaſon, we muſt 
refrain as much as poſſible from keeping the 
hands upon either, or, if we ſuſpect they have 
been heated, we muſt cool them again by means 
of the water in the ciſtern. The height of the 
barometer and thermometer during this en 
ment 4s of no conſequence. 

When the marks have been thus aſvertained 
upon the jar for every ten cubical inches, we 
engrave a ſcale upon one of its fides by means 
of a diatnond pencil. Glaſs tubes are graduated 
in the ſame manner, for uſing in the ' mercurial 

apparatus, only they muſt be divided into cu- 
bical inches,” and tenths of a cubical inch. The 
bottle uſed. for Saging . muſt hold 7 oz: 
I dr. 
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1 dr. 15. Fri. of mercury, which exactly cor- 
reſpond to a cubical inch of that metall. 
This method of determining the volume of air 
or gas, by means of a graduated jar, has the ad- 
vantage of not requiring any correction for the 
difference of height between the ſurface of the 
water within the jar, and in the ciſtern; but it 
requires corrections with reſpect to the height 
of the barometer and thermometer. But, when 
we aſcertain. the volume of air by weighing 
the water which the jar is capable of contain - 
ing, up to the marks EF, it is neceffary to make 
a farther correction, for the difference between 
the ſurface of the water in the ciſtern; and the 
height to which it riſes within the jar. Ihis 
. eee e 8 ſecdiau this 
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As experiments often ene two, en or 
more ſpecies of gas, it is neceſſary to be able to 
ſeparate theſe from each other, that we may aſ- 
certain the quantity and. ſpecies of. each. .Sup- 

Cc 5 poſe 
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poſe that under the jar A, Pl. IV. Fig. 3. is 


contained a quantity of different gaſſes mixed 


together, and ſtanding over mercury; we begin 
by marking with ſlips of paper, as before direc- 
ted, the height at which the mercury ſtands 
within the glaſs ; and then introduce about a cu- 
bical inch of water into the jar, which will ſwim 


coder the ſurface of the mercury: If the mixture 


of gas contains any muriatio or ſulphurous acid 
gas, a rapid and conſiderable abſorption will 


inſtantly take place, from the ſtrong tendency 


theſe: two gaſſes have, eſpeeially the former, to 


combine with, or be abſorbed by water. If. the 


whiter only produces a ſlight abſorption of gas, 
hardly equal to its own bulk, we conclude, that 
the mixture neither contains muriatic acid, ſul- 


8 phuric acid, or ammoniacal gas, but that it con- 
'- tains carbonic acid gas, of which water only ab- 


5 ſorbs about its own bulk. , To aſcertain this 


conjecture, introduce ſome ſolution of ' cauſtic 


alkali, and the carbonie aeid gas will be gra- 


dually abſorbed in the courſe of a few hours; 


it combines with the cauſtic alkali or potaſh, 


and the remaining gas is left almoſt perfectly 
EY free from Ay ſenſible refiduum of carbonic acid 
: a. | 


After each Sbjct of this Kind, we muſt 


carefully mark the height at which the mercury | 


ſtands within the jar, by flips of paper paſted 


= une varniſhed over en 8 that they may 


not 


pe! 
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not be waſhed off when placed in the water ap- 
paratus. It is likewiſe neceſſary to regiſter the 
difference between the ſurface of the mercury in 
the ciſtern and that in the jar, and the height of 
the barometer and thermometer, at the end of 
each experiment. 4] 

When all the gas or aid ablordoble; 955 wa- 
ter and potaſh are abſorbed, water is admitted 
into the jar to diſplace the mercury: and, as is 
deſeribed in the preceding ſection, the mercury 
in the ciſtern is to be covered by one or two 
inches of water. After this, the jar is to be 
tranſported by means of the flat diſh BC, Pl. V. 
Fig. . into the water apparatus; and the quan- 
tity of gas remaining is to be aſcertained by 
changing it into a graduated jar. After this, 
imall trials of it are to be made by experiments 
in little jars,” to aſcertain nearly the nature of 
the gas in queſtion. For inſtance; into a ſmall 
jar full of the gas, Fig. 8. Pl. V. a lighted taper 
is introdueed; if the taper is not immediately 
extinguiſhed, we conclude the gas to contain 
oxygen gas; and in proportion to the bright- 
neſs of the flame, we may judge if it contain 
leſs or more oxygen gas than atmoſpheric; air 
contains. If, on the contrary, the taper be in- 
ſtantly extinguiſhed, we have ſtrong reaſon to 
preſume that the reſiduum is chiefly eompoſed 
of azotic gas. If, upon the approach f the ta- 
per, the gas takes fire and burns quietiy at the 
i -- 3" 


* 
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ſurface with a white flame, we Gonblude it to be 
pure hydrogen gas; if this flame is blue, we 
judge it conſiſts of carbonated hydrogen gas; 
and, if it takes fire with a ſudden deflagration, 
that it is à mixture of oxygen and hydrogen gas. 
If, again, upon mixing a portion of the reſidu- 
um with oxygen gas, red fumes are 64; eee 
we conelude that it contains nitrous gas. 
FTheſe preliminary trials give ſome general 


. of the properties of the gas, and 


nature of the mixture, but are not' ſufficient to 


determine the Proportioris and quantities of the 
ſeveral gaſſes of which it is eompoſed. For this 
purpoſe all the methods of analyſis muſt be em- 
ployed; and, to direct theſe properly, it is of 
great uſe to have a previous approximation by 
the above methods. Suppoſe,” for inſtanee, we 
know that the teſiduum cbnfiſts of oxygen and 
azotic gas mixed together, put a determinate 
quantity, 100 parts, into a graduated tube of ten 
or twelve lines diameter, introduce a ſolution of 
ſulphuret of potaſh in contact with the gas, and 
leave them together for ſome days; the ſulphu- 
ret abſorbs the de 5 Sas, 1 eg the 
cke ge pate. 

If it is known to nenen Hydrogen gas, a de- 
terminate qui tity ig introduced into Volta“ 
eudiometer, Along with a known proportion of 
onytzen gas; theſe are deflagrated together by 

wa ar * os electrical * freſh” portions of 
POL. +. oxygen 
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oxygen gas are ſucceſſively added, till no far- 
ther deflagration takes place, and till the greateſt 
poſſible diminution is produced. By this proceſs 
water is formed, which is immediately abſorbed _ 
by the water of the apparatus; but, if the hy- 
drogen gas contain carbon, carbonic acid is form- 
ed at the ſame time, which is not abſorbed fo 
quickly ; the quantity of this is readily aſcertain- 
ed by aſſiſting its abſorption, by means of agita- 
tion. If the reſiduum contains nitrous gas, by 
adding oxygen gas, with which it combines into 
- nitric acid, we can very nearly aſcertain its quan- 
tity, from the diminution produced by this mix- 
ture. | 
I confine myſelf to theſe general alin 


\. which are ſufficient to give an idea of this kind 


of operations ; a whole volume would not ſerve 
to explain every poſſible caſe. It is neceffary to 
become familiar with the analyſis of gaſſes by 
long experience; ; we muſt even acknowledge 
that they moſtly poſſeſs ſuch powerful affinities to 
each other, that we are not always certain of ha- 
ving ſeparated them completely. In thoſe caſes, 
we muſt vary our experiments. in every poſſible 
Point of view ; adding new agents to the com- 
bination, and Looping out others, and muſt con- 
tinue our trials, till we are certain of the truth 
and exadtitude of our concluſions, | - F 
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of the neveſſar ry correct ons upon the Volume of the 
Gaſes, according 1 to' the boo ad of the Atmo- 


ſphere. 1151 


* a 


| All elaſtic fluids are 8 or conden. 
ſible, in proportion to the weight with which 
they are loaded. Perhaps this law, which is a- 
certained by general experience, may ſuffer ſome 
irregularity when theſe. fluids are under a degree 
of condenſation almoſt ſufficient to reduce them 
to the liquid ſtate, or when either in a ſtate of 
extreme rarefaction or condenſation ; but we ſel- 
dom approach either of theſe limits with moſt of 
the gaſſes which we ſubmit to our experiments. 
J underſtand this propoſition of gaſſes being eom- 
Preſſible, in proportion to their 222 
weights, as follows: 

2 barometer, which is an ;ofirutienit gene- 
rally known, is, properly ſpeaking, a ſpecies of 
ſyphon, ABCD, PI. XII. Fig. 16. whoſe leg AB 
is filled with mercury, while the leg CD is full 
of air. If we ſuppoſe the brapch CD indefinitely 
continued till it equals the height of our atmo- 
There, we can readily conpeive that the baro- 


meter is, in W a ſort of balance, in which | 
a 
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a column of mercury ſtands in equilibrium with 
a column of air of the ſame weight. But it is 
unneceſſary to prolongate the branch CD to 
ſuch a height, as it is evident that the barome- 
ter being immerſed in air, the column of mer- 
cury AB will be equally in equilibrium with a 
column of air of the ſame diameter, though the 
leg CD be cut off at C, and the It CD be ta- 
Ten away altogether. 

The medium height of mercury in equili- 
brium with the weight of a column of air, from 
the higheſt part of the atmoſphere to the ſarface 
of the earth, is about twenty-eight French or 

29.85 Engliſh inches in the lower parts of the 
city of Paris; or, in other words, the air at the 
ſurface of the earth at Paris is uſually preſſed 
upon by a weight equal to that of a column of 
mercury twenty-eight inches in height, 1 muſt 
be underftood in this way, in the ſeveral parts 
of this publication, when talking of the different 
gafles ; as for inſtance, when the cubical foot of 
oxygen gas is ſaid to weigh 538.45 grs. under 
29.85 inches preſſure. The height, of this co- 
lumn of mercury, ſupported by the preſſure of 
the air, diminiſhes in proportion as we are ele- 
vated-above the ſurface of the earth, or rather 
above the level of the ſea ; becauſe the mercury 
can only form an equilibrium with the column of 
air which is above it, and is not in the ſmalleſt de- 
gree affected by the air which is below its level. 

„ In 


48 ELEMENTS 


In what ratio does the mercury in the baro. 

meter deſcend in proportion to its elevation ? or, 

which is the ſame thing, according to what law 
or ratio do the ſeveral ſtrata of the atmoſphere 

decreaſe in denfity ? this queſtion, which has 

exerciſed the ingenuity of natural philoſophers 
Auring the laſt century, is conſiderably elucida- 

ES] ted by the following experiment. 

If we take the glaſs ſyphon ABCDE, Pl. XII. 

Fig. 17. ſhut at E, and open at A, and introduce 

| a few drops of mercury, ſo as to intercept the 
, communication of air between the leg AB and 

3 _ the leg BE, it is evident that the air contained 
in BCDE is preſſed upon, in common with the 

whole ſurrounding air, by a weight or column 
of air equal to 29.85 inches of mercury. But, if 

we pour 29.85 inches of mercury into the leg 

AB, it is plain that the air in the branch BCDE 

will then be preſſed upon by a weight equal to 

twice 29.85 inches of mercury, or twice the 

weight of the atmoſphere; and experience ſhews, 

that, in this caſe, the included air, inſtead of 

filling the tube from B to E, only occupies from 

C to E, or exactly one half of the ſpace it filled 
before. If to this firſt column of mercury we 
add two other portions of 29.85 inches eakh, m MI 
the branch AB, the air in the branch BCDE will | 


be preſſed upon by four times the weight of the ; 
atmoſphere, or four times the weight of 29.85 
inches of mercury, and it will then only fill the 8 


ſpace 
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ſpace from D to E, or exactly one quarter of 
the ſpace it occupied at the commencement of 
the experiment. From theſe experiments, which 
may be infinitely varied, it has been deduced as 
a general law of nature, which ſeems applicable 
to all permanently elaſtic fluids, that they dimi- 
niſh in volume directly in proportion to the 
weights with which they are preſſed; or, in other 
words, © the volume of all elaſtic fluids-is in the 
« inverſe ratio of the werght by 1 which _ are 
« compreſſed.” . | 

The experiments which have been nia for 
meaſuring the heights of mountains by means 
of the barometer, confirm the truth of theſe de- 
ductions; and even ſuppofing them in ſome 


- . degree inaccurate, theſe differences are ſo ex- 


tremely ſmall, that they may be reckoned as no- 
thing in chemical experiments, When this law 
of the compreſſion of elaſtic fluids is once well 
underſtood, it becomes eafily applicable to the 
corrections, neceſſary in pneumato-chemical ex- 
periments, upon the volume of gas, in relation to 
its preſſure. Theſe corrections are of two kinds, 
the one relative to the variations of the barome- 
ter, and the other for the column of water or 
mercury contained in the jars.. I mall endeavour 
to explain theſe by examples, beginning with 
the moſt ſimple caſe. 
Suppoſe that 100 cubical inches of erben 
gas are obtained at inches 54-59 of the thermo- 
* meter, 
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meter, and at 30.37 inches of the barometer, 
it is required to know what volume the 100 
cubical inches of gas would occupy, under the 
preſſure of 29.85 inches, and what is the exact 
weight of the 100 inches of oxygen gas? Let 
the unknown volume, or the number of inches 
this gas would occupy at 29.85 inches of the 
barometer, be expreſſed by x; and, ſince the 
volumes are in the inverſe ratio of their ſuper- 
Incumbent weights, we have the following ſtate- 
ment : 100 cubical inches is to x, inverſely as 
30.37 inches of n is to 29.85 inches; or 
directly 29.85 : 30.37 : : 100 : x = 101. 741 — 
cubical inches, at 29.85 nike barometrical preſ- 
dure; that is to ſay, the ſame gas or air which 
at 30.37 inches of the barometer occupies 100 
cubical inches of volume, will occupy 101.741 
eubical inches when the barometer is at 29.8; 
inches. It is equally eaſy to calculate the weight 
of this gas, occupying 100 cubical inches, under 
30.37 inches of barometrical prefſure ; for, as it 
correſponds to 101.741 cubical inches at the 
preſſure of 29,85; and as, at this prefſure, and 
at 54.5 of temperature, each cubical inch of 
oxygen gas weighs 0.311023 gr. it follows, that 
100 cubical inches, under 30.37 barometrical 
/ preſſure, muſt weigh 31.644 grains. This con- 
cluſion might have been formed more directly; 
as, ſince the volume of elaſtic fluids is in the 


inrerſe ratio of their compreſſion, their weights 
muſt 
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muſt be in the direct ratio of the ſame compreſ- 
ſion: Hence, ſince 100 cubical inches weigh 
31.1023 grains, under the preſſure of 29.85 in- 
ches, we have the following ſtatement to deter- 
mine the weight of 100 cubical inches of the 
ahne gas at 30. 37 barometrical preſſure; 29.85: 
31.1023: : 30.37: ** the unknown dane gerr 
31.644. 
The following ** is more complicated: 
Suppoſe the jar A, Pl. XII. Fig. 18. to contain 
a quantity of gas in its upper part ACD, the 
reſt of the jar below CD being full of mercury, 
and the whole ſtanding in the mercurial baſon 
or reſervoir GHIK, filled with mercury up to 
EF, and that the difference between the ſurface 
CD of the mercury in the jar, and EF, that in 
the ciſtern, is fix .inches, while the barometer 
ſands at 27.5 inches: It is evident from theſe 
data, that the air contained in ACD is prefſed _ 
upon by the weight of the atmoſphere, diminiſh- 
ed by the weight of the column of mercury CE, 
or by 27.5—6=21.5 inches of barometrical preſ- 
ſure. This air is therefore leſs compreſſed than 
the atmoſphere at the mean height of the ba- 
rometer, and conſequently occupies more ſpace 
than it would occupy at the mean preſſure, the 
difference being exactly proportional to the dif- 
ference between the compreſling weights. If, 
then, upon meaſuring the ſpace AC, it is 
N to be 120 cubical inches, it muſt be re- 
| | duced ' 
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duced to the volume which it would occupy 
under the mean preſſure of 29.85 inches. This 
is done by the following ſtatement: 120: x, the 
unknown volume, :: 21.5 : 29.85 inverſely ; this 
gives x==—==2= 86.432 cubical inches. 


29.85 

In theſe calculations we may either reduce 
the height of the mercury in the barometer, and 
the difference of level in the jar and baſon, to 
lines, or to decimal tractions of the inch; but 1 
prefer the latter, as it is more readily calculated. 
As, in theſe operations, which frequently recur, 
it is of great uſe to have means of abbreviation, 
1 have given a table in the appendix for redu- 
_cing lines and fractions of lines into — 
| fractions of the inch. 

In experiments performed in the water appara- 
tus, we muſt make fimilar corrections to procure 
rigorouſly exact reſults, by taking into account, 
'and making allowance for the difference of height 
of the water within the Jar above the ſurface of 
the water in the ciſtern. But, as the preſſure of 
the atmoſphere is expreſſed i in inches and lines of 
the mercurial barometer, and, as homogeneous 
quantities only can be calculated together, we 
muſt reduce the obſerved inches and lines of wa- 
ter into correſpondent heights of the mercury. I 
have given a table in the appendix for this con- 
verſion, upon the ſuppoſition that mercury is 

T T3: 568r | times pre _— water. 
SECT, 


- 
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8 E C T. VI. 


of CorreAtions ki to the Degrees 7 the Tber- 
e mometer. 3; 


T* 


oils 1 the hs of  gaſles, befides | 
reducing them to a mean of barometrical preſ- 
fure, as directed in the preceding ſection, we 
muſt like wiſe reduce them to a ſtandard ther- 
mometrical temperature; becauſe, all elaſtic 
fluids being expanded by heat, and condenſed 
by cold, their weight in any determinate volume 
is thereby liable to conſiderable alterations. As 
the temperature of 54.5% is a medium between 
the heat of ſummer and the cold of winter, be- 
ing the temperature of ſubterraneous places, and 
that which is moſt eaſily approached to at all 
feaſons, I have choſen that degree as a mean to 
which I reduce air or gas in this ſpecies of cal- 

culation. | | 
Mr de. Luc found that atmoſpheric air was | 
increaſed, AI part of its bulk, by each degree 
of a mercurial thermometer, divided into 81 
degrees, between the freezing and boiling | 
points; this gives r part for. each degree of 
Reaumur's 
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Reaumur's thermometer, which is divided into 


| 80 degrees between theſe two points; or —_ 


part for each degree of Fahrenheit's ſcale, which 
is divided into 180 degrees between the ſame 
fixed points. The experiments of Mr Monge 
ſeem to make this dilatation leſs: for hydrogen 
gas, which he thinks is only dilated g for 
each degree of Reaumur, or 2 for each of 
Fahrenheit's degrees. We have not any exact 
experiments hitherto publiſhed: reſpecting the 
ratio of dilatation of the other gaſſes; but, from 
the trials which have been made, their dilata- 
tion ſeems to differ little from that of atmo- 
| ſpheric air. Hence I may take it for granted, till 
farther experiments give us better information 
upon this ſubject, that atmoſpherical air is dila- 
ted zs part, and hydrogen gas part. for 
each degree of Reaumur's thermometer, or that 
8 air is dilated 27.5 part, and hydro- 
gen gas —— part for each Regs on the ſcale' of 


Fahrenheit; but, a as there i is till great uncertain- 
ty upon this point, we ought always to operate 
in a temperature as near as poſſible to the ſtand- 
ard.of 54.59 ; by this means 'any errors in cor- 
recting the weight or volume of gaſſes by redu- 
cing them to the ren ſtandard, will become | 

of little moment. 
- The calculation” for this correction is ex- 
tremely Fs Divide the obſerved volume of 
5 | air 


% 
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air by 210, for Reaumur's ſcale, or 472.5 for 
that of Fahrenheit, and multiply the quotient by 
the degree of temperature above or below 54.59. 
This correction is negative when the actual tem- 
perature is above the ſtandard, and poſitive when 
below. By the uſe of logarithmetical tables, 
this calculation is much facilitated. 


SECT. VIL 


; Wromple for calculating the Carrattions 9 ta 
the varia tions of Preſſure and Temperature: 


. * 
c * F 4 7 * * 
» * p . 


In the jar A, Pl. IV. Fig. 3. ſtanding in a 
water apparatus, is contained 353 cubical inches 
of air; the ſurface of the water within the jar at 
EF is 41 inches above the water in the ciſtern, 
the barometer is at 27 inches 9? lines, and the 
thermometer at 65.750, Having burnt a quan- 
tity of phoſphorus i in the air, by which concrete 
phoſphoric acid 1s produced, the air after the 
combuſtion occupies 295 cubical inches, the wa- 
ter within the jar ſtands 7 inches above that in 

3 | the 
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the ciſtern, the. barometer is at 27 inches 92 
lines, and the thermometer at 68. It is requi- 
red from theſe data to determine the actual vo- 
lume of air, before and after combuſtion, and 
the quantity abſorbed during the proceſs. 


— 


Calculation before Combuſtion. 


The air in the jar before combuſtion was 3 
cubical inches, but it was only under a barome- 
trical preſſure of 27 inches 9 lines; which, re- 
duced to decimal fractions by Tab. I. of the Ap- 
pendix, gives 27.79167 inches ; and from this 
we muſt deduct the difference of 41 inches of wa- 
ter, which, by Tab. II. correſponds to 0.33166 

inches of the barometer ; hence the real preſſure 
of the air in the jar is 27 46001. As the vo- 
lame of elaſtic fluids diminiſhes in the inverſe 
ratio of the compreſſing weights, we have the 
following ſtatement, to reduce the 353 inches to 
the volume the air would occupy at 28 inches 

| barometrical preſſure. 
353: x, the unknown volume,: 27 46001: 28. 
Hence, = 346. 192 cubical in- 
ches, which is 5 volume the ſame * 
8 


— 
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of air would have occupied at 28 inches of the 
barometer. 

The 472.5th part of this corrected volume is 
73247, which, for the 11.25 degrees of tempe- 
rature above the ſtandard, gives 8.24 cubical in- 
ches; and, as this correction is ſubtractive, the 
real 3 volume of the air before cymbuſ- 


tion is 337.952 inches. 


Calculation after Combuſtion. 


; By a ſimilar calculation upon the volume of 
air after combuſtion, we find its barometri- 
cal preſſure 27.77083 — 0.51593 = 27-25490. 
Hence, to have the volume 1% air under the 
preflure of 28 inches, 295: *:: 27. 77083 ; 28 


inverſely ; or F= ee — = 287.150. The 


472.5th part of this corrected volume, is 61, 
which, multiplied by 13.5 degrees of thermome- 
trical difference, gives the ſubtractive correction 
for temperature, 8.235, leaving the actual cor- 
rected volume of air aſter Fombuttion 27 8.915 | 
inches. | 


pa FN. 


. Reſult, 
The corrected volume before combuſ- 
5 tion, 6371/1. . M 337.952 
Pitto remaining after combuſtion, 278.915 


—— 
4 . ks - - 


Volume abſorbed during combuſtion, 99-037 
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Method of nnn hs Abſolute Gravity of the 
ono zed 27; hill 1 1 8 N | 


21S 3< * 
* . & 4 4 n \ 
* 


Ge Tale 2 = palloan Fey PL v. Fig. 10. ca- 
pable o of holding 17 or 18 pints, or about half a 
Cubical foot, having the braſs cap bcade ftrongly 
| cemented to its neck, and to which the tube and 
I fopicock fo is fixed by a tight ſcrew. This ap- 


paratus is connected by the double ſcrew repre- 


ſented ſeparately at Fig. 12. to the jar BCD, 


Fig. 10. which muſt be ſome pints larger i in di- 


menſions than the balloon. This jar is open at 
top, and is furniſhed with the braſs cap h i, and 


the ftop-cock / mn. One of theſe ſtap-cocks is 


repreſented ſeparately at Fig. 11. 


We 
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We firſt determine the exact capacity of the 
balloon by filling it with-water, and weighing it 
both full and empty. When emptied of water, 
it is dried with a: cloth introduced through its 
neck d e, and the laſt remains of moiſture are 
removed by ene it « once or twice in an 
air- pump. MHettun: wg e bib 
When the 3 of Pol gas is to be aſcer- 

tained, this apparatus is uſed as follows? Fix 
the balloon A to the plate of an air-pump, by 
means of the ſcrew of the ſtop-cock F, which is 
left open; the balloon is to be exhauſted as com- 
pletely as poſſible, obſerving carefully the de- 
gree of exhauſtion by means of the barometer 
attached to the air pump. When the vacuum is 
formed, the ſtop- cock F is ſhut, and the weight 
of the balloon determined with the moſt ſcru- 
pulous exactitude. It is then fixed to the jar 
BCD, which we ſuppoſe placed in water in 
the ſhelf: of the pneumato- chemical apparatus 
Fig. 1. ; the jar is to be filled with the gas we 
mean to weigh, and then, by opening the ſtop- 
cocks F and I m, the gas aſcends into the bal- 
loon, whilſt the water of the ciſtern riſes: at the 
ame time into the jar. To avoid very trouble- 
ſome corrections, it is neceſſary, during this firſt 
part of the operation, to ſink the jar in the ciſ- 
tern till the ſurfaces of the water within and 
without the jar exactly correſpond, The ſtop- 
cocks are again ſhut, and the balloon, being un- 
Dd2 ſocrewed 
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| 8 
ſcrewed from its oometction with the jar, is to 
be carefully weighed; the difference between 
this weight and that of the exhauſted balloon is 
the preciſe weight of the air or gas contained in 
the balloon. Multiply this weight by 1728, the 
number of cubical inches in a cubical foot, and 
divide the product by the number of cubical 
inches contained in the: balloon, the quotient is 
the weight of a cubical foot of the * or air 
ſubmitted to experiment. ; 
Exact account muſt be kept of the 1 
n and the temperature of the thermome- 
ter during the above experiment; and from theſe 
the reſulting weight of a cubical foot is eaſily 
corrected to the ſtandards of 28 inches preffure, 
and 54.5% temperature, as directed in the prece- 
ding ſection. The ſmall portion of air remain- 
ing in the balloon. after forming the vacuum, 
muſt likewiſe be attended to, and this is eaſily 
| determined by the barometer attached to the air- 
pump. If that barometer, for inſtance, remains 
at the hundredth part of the height it ſtood at 
before the vacuum was formed, we oonclude that 
one hundtedth part of the air originally contain- 
eld remains in the balloon, and conſequently that 
only D of . was e from the) "_ in- 
to ee e 
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Deprigti of the Cilorimeter; or A; — for 
/ Org" Caloric. | 


TPHE:' calorimeter, or apparatus for meaſuring 
the relative quantities of heat contained in 
bodies, was deſcribed by Mr de la Place and 
me in the Memoirs of the Academy for 1780, 
p. 35 5. and from that Eſſay the enn WY this 
chapter are extracted. 

If, after having cooled any body to the freez- 
ing point, it be expoſed in an atmoſphere of 
88.25, the body will gradually become heated, 
from the ſurface inwards, till at laſt it acquire 
the ſame temperature with the ſurrounding air. 
But, if a piece of ice be placed in the ſame ſitua- 
tio, the circumſtances are quite different; it 
does not approach in the ſmalleſt degree towards 
the temperature of the circumambient air, but 
remains conſtantly at 325%, or the temperature of 
melting ice, till the laſt roared of ice: be com- 
pletely melted. 

This phenomenon is 1950 cxptatns ds, 
to melt ice, or reduce it to water, it requires to 
be combined with a certain portion of caloric, 

; Nd 3 | the 
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the whole caloric attracted from the ſurrounding 
bodies, is arreſted or fixed at the ſurface or ex. 
ternal layer of ice which it is employed to diſ- 
ſolve, and combines with it to form water; the 
next quantity of caloric , combines with the ſe. 
cond layer to diſſolve it into water, and ſo on 
ſucceſſively till the whole ice be diſſolved or 
converted into water, by combination with calo- 
ric ; the very laſt atom ſtill remaining at its for- 
mer temperature, becauſe the caloric: could ne- 
ver penetrate ſo far, while any intermediate ice 
remained to melt, or to combine with. | 
Upon theſe principles, if we conceive a hol- 
low. ſphere. of ice at the temperature of 32 
placed i in an atmoſphere of 54.55, and contain- 
ing a ſubſtance at any degree of temperature 
above freezing ; ; it follows, That the heat of the 
external atmoſphere cannot penetrate into the 
internal hollow of the ſphere of ice; and, That 
the heat of the body which is ee in the hol- 
low of the ſ] phere cannot penetrate outwards be- 
yond it, but will be ſtopped. at the internal ſur- 
face, being. continually employed to melt ſuc- 
ceſſive layers of ice, until the temperature of 
the body be reduced to 32, by having all its 
ſuperabundant caloric above that temperature 
carried off to melt the ice. If the whole wa- 
ter, formed within the ſphere of ice during the 
reduction of the temperature of the included 


body to 320, be Ke, Mees, the weight 
5 of 


$ 
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of the water will be exactly proportional to the 
quantity of caloric loſt by the body, in paſſing 
from its original temperature to that of melting 
ice; for it is evident that a double quantity of 
caloric would have. melted twice the quantity 
of ice. Hence the quantity of ice melted is a 
very exact meaſure of the-proportional quantity 
of caloric employed to produce that effect, and 
conſequently of the quantity loſt by the only ſub- 
ſtance that could poſſibly have ſupplied it. 

I have made this ſuppoſition, of what would 
take place in a hollow ſphere of ice, for the pur- 
poſe of more readily explaining the method uſed 
in this ſpecies of experiment, which was firit 
conceived by Mr de la Place. It would be dif- 
ficult to procure ſuch ſpheres. of ice, and incon- 
venient to make uſe of them when got; but, by 
means of the following apparatus, we have re- 
medied that defect. I acknowledge the name 
of Calorimeter, which I have given it, as derived 
partly from Greek and partly from Latin, is in 
tome degree open to criticiſm ; but, in matters 
of ſcience, a light deviation from ſtrict etymolo- 
gy, for the ſake of giving diſtinctneſs of idea, is 
excuſable ; and I could not derive the name en- 
tirely from Greek without approaching too near 
to the names of known inſtruments ts for 
other purpoſes. | 

The calorimeter is a oo in Pl. VI. Tei is 


| ſhown in perſpective at Fig. 1. and its interior 
Ddq. ſtructure _ 
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ſtructure is engraved at F ig. 2. and 3.; the for- 
mer being a horizontal, and the latter a perpen- 


dicular ſection. Its capacity or cavity is di- 


vided into three parts, which, for better diſtinc- 
tion, I ſhall name the interior, middle, and ex- 
ternal cavities. The interior cavity ff ff, Fig. 4. 
into which the ſubſtances ſubmitted to experi- 
ment are put, is compoſed: of a grating: or cage 
of iron wire, ſupported by ſeveral iron bars; its 
opening or mouth LM, is coverd by the lid 
HG, which is compoſed: of the ſame materials. 
The middle cavity ö ö bb, Fig. 2. and 3. is in- 
'tended to contain the ice which furrounds the 
interior cavity, and which is intended to be 
melted by the caloric: of the ſubſtances employed 
in the experiment. The ice is fupported by 
the grate m m at the bottom of the cavity, 
under which is placed the fieve nn. Theſe 
two are repreſented ſeparately in Fig. 5. and 6. 

In proportion as the ice contained in the 
middle cavity is melted, by the caloric diſenga- 
ged from the body placed in the interior cavity, 
the water runs through the grate and ſieve, and 
falls through the conical funnel ec d, Fig. 3. and 
the tube x y, into the receiver F, Fig. 1. This 


water may be retained or let out at pleaſure, by 


means of the ſtop-cock v. The external cavity 
aaaa, Fig. 2. and 3. is filled with ice, to pre- 
vent any effect upon the ice in the middle ca- 


2 


OA 
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vity from the heat of the ſurrounding air, and 
the water produced from it is carried off through 
the pipe 8 T, which ſhuts by means of the ſtop- 
cock r. The whole maehine is covered by the 
lid F F, Fig. 7. which is made of tin, and n | 
ed with oil colour, to prevent ruſt. 

When this machine is employed, the middle 
cavity-bb bb, Fig. 2. and 3. the lid GH, Fig. 4. 
of the interior cavity, the external cavity a aaa, 
Fig. 2. and 3. and the general lid FF, Fig. 7. 
are all filled with pounded ice, weft rammed, 
ſo that no void ſpaces remain, and the ice of the 
middle cavity is allowed to drain. The machine 
is then opened, and the ſubſtance ſubmitted to 
experiment being placed in the interior cavity, 
it is inſtantly cloſed. After waiting till the in 
cluded body is completely cooled to the freez- 
ing point, and the whole melted ice has drained' 
from the middle cavity, the water collected in 
the veſſel F, Fig. x. is accurately weighed. 
The weight of the water produced during the 
experiment is an exact meaſure of the calorie 
diſengaged during the cooling of the included 
body, as this ſubſtance is evidently in a ſimilar 
fituation with the one formerly mentioned as in- 
cluded in a hollow ſphere of ice. The whele ca- 
loric diſengaged from the included body is ſtop- 
ped by the ice in the middle cavity, and that 
ice is preſerved from being affected by any other 
heat by means of the ice contained i in the gene- 

| | ral 
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ral lid, Fig. 7. and in the external cavity. Expe- 
riments of this kind generally laſt, from fifteen to 
twenty hours, but they. are ſometimes accele- 
rated by covering up the ſubſtance in the interior 
cavity with well drained ice, wived haſtens its 
puny, | 
The ſubſtances to FR 3 upon are placed 
in the thin iron bucket, Fig. 8. the cover of which 
has an opening fitted with a cork, into which a 
ſmall thermometer is fixed. When we uſe acids, 
or other flaids capable of injuring the metal of 
the inſtruments, they are contained in the ma- 
traſs, Fig. 10. which has a ſimilar thermometer 
in-a cork fitted to its mouth, and which ſtands 
in the interior cavity upon the {mall W N 
ſupport RS, Fig. 10. | 
It is abſolutely requiſite that there be no com- 
munication between the external and middle 
cavities of the calorimeter, otherwiſe the ice 
melted by the influence of the ſurrounding air, 
in the external cavity, would mix with the wa- 
ter produced from the ice of the middle cavity, 
which would no longer be a meaſure of the ca- 
loric loſt by the ſubſtance GER: to experi- 
ment. 
Wen the conporaſhine 955 the 3 is 
only a few degrees above the freezing point, its 
heat can hardly reach the middle cavity, being 
arreſted by the ice of the cover, Fig. 7. and of 
the external cavity; but, if the temperature of 
| PT: | | the 


OF CHEMISTRY. 427 


the air be under the degree of-freezing, it might 
cool the ice contained in the middle cavity, by 
cauſing the ice in the external cavity to fall, in 
the firſt place, below 32*. It is therefore eflen- 
tial that this experiment be carried on in a tem- 
perature, ſomewhat. above freezing: Hence, in 
time of froſt, the calorimeter muſt be kept in an 
apartment carefully heated. It is likewiſe neceſ- 
ſary that the ice employed be not under 325, for 
which purpoſe it muſt be pounded, and ſpread 
out thin for ſome time, in a place where the 
temperature is higher. | 
The ice of the interior cavity always retains : a 
certain quantity of water adhering to its ſurface, 
which may be ſuppoſed to belong to the reſult of 
the experiment; but as, at the beginning of each 
experiment, the ice is already ſaturated with as 
much water as it can contain, if any of the wa- 
ter produced by the caloric ſhould remain attach- 
ed to the ice, it is evident, that very nearly an 
equal quantity of what adhered to it before the 
experiment muſt have run down into the veſſel 
F in its ſtead; for the inner ſurface of the ice 
in the middle cavity is very little n du- 

ring the experiment. $715 
By any contrivance that could be deviſed, we 
could not prevent the acceſs of the external air 
into the interior cavity, when the atmoſphere 
was at 52* or 54%. The air confined; in the ca- 
WE being j in that caſe ſpecifically heavier. than 
the 
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the external air, eſeapes downwards through the 
pipe xh, Fig. 3, and is replaced by the warmer 
external air, which, giving out its caloric to the 
ice, becomes heavier, and ſinks in its turn; thus 
a eurrent of air is formed through the machine, 
which is the more rapid in proportion as the ex- 
ternal air exceeds the internal in temperature. 
This current of warm air muſt melt a part of 
ke ice, and injure the accuracy” of the experi- 
ment. We may, in a great degree, guard a- 
gainſt this ſource of error by keeping the ſtop- 
cock u continually ſhut, but-it is better to operate 
only when the temperature of the external air 
does not exceed 399, or at moſt 419, for we have 
obſerved, that, in this caſe, the melting of the 
interior ice by the atmoſpheric air is perfectly in- 
ſenſible ; ſo that we may anſwer for the accuracy 
of 'our experiments upon the de heat of bo- 
dies to à fortieth part. on 
We have cauſed make ous the aer de- 
ſeribed machines; one, which is intended for 
ſuch experiments as do not require the interior 
air to be renewed, is formed preciſely according 
to tlie deſcription here given; the other, which 
anſwers for experiments upon combuſtion, reſpi- 


ration, &c: in which freſh quantities of air are 


ind iſpenſibly neceſſary, differs from the former 

in having two ſmall tubes in the two lids, by 

which a current of atmoſpheric air may be blown 

into the interior cavity of the machine. 
2 


It 
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It is extremely eaſy, with this apparatus, to 
determine the phenomena which occur in ope- 
rations where caloric is either diſengaged or ab- 
ſorbed. If we wiſh, for inſtance, to aſcertain 
the quantity of caloric which is diſengaged from 
2 ſolid body in cooling a certain number of de- 
grees; let its temperature be firſt raiſed to 2129, 
it is then placed in the interior cavity fff F, 
Fig. 2. and 3. of the calorimeter, and allowed 
to remain till we are certain that its tempera- 
ture is reduced to 32%; the water produced by 

melting the ice during its cooling is collected, 
and carefully weighed; and this weight, divided 
by the volume of the body ſubmitted to experi- 
ment, and multiplied into the degrees of tempe- 
rature which it had above 32 at the commence- 
ment of the experiment, gives the proportion 
of what the Waun e — call eee 
heat. 

Fluids are aun in proper veſſels, whoſe 
(petifie heat has been previouſly aſcertained, and 
are operated upon in the machine in the ſame 
manner as directed for ſolids, taking care to de- 
duct, from the quantity of water melted during 
the experiment, the proportion which belongs to 
the ſpecific heat of the containing veſſel. 

If the quantity of caloric diſengaged during 
the combination of different ſubſtances is to be 
determined, theſe ſubſtances are to be previouſ- 
iy reduced to the freezing degree by keeping 


: / them 
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them a ſufficient time ſurrounded with pounded 
ice; the mixture is then to be made in the inner 
cavity of the calorimeter, in a proper veſſel like- 
wiſe reduced to.329.; and they are kept incloſed 
till the temperature of the combination has re- 
turned to the ſame degree: The quantity of wa- 
ter produced is a meaſure of the caloric diſenga- 
ged during the combination. | 

To determine the quantity of caloric diſen- 
ack during combuſtion, and during animal 
reſpiration, the combuſtible bodies are burnt, or 
the animals are made to breathe, in the inte- 
rior cavity, and the water produced is carefully 
collected. Guinea-pigs, which reſiſt the effects 
of cold extremely well, are well adapted for this 
experiment. As the continual renewal of air 
is abſolutely neceſſary in ſuch experiments, we 
blow freſh air into the interior cavity of the ca- 
lorimeter by means of a pipe deſtined for that 
purpoſe, and allow it to eſcape through another 
pipe of the ſame kind; and that the heat of this 
air may not produce errors in the reſults of the 
experiments, the tube which conveys it into the 
machine is made to paſs through pounded ice, 
that it may be reduced to 320 before it arrives at 
the calorimeter. The air which eſcapes muſt 
likewiſe be made to paſs. through a tube ſur- 
rounded with ice, included in the interior cavi- 
ty of the machine, and the water which 1s there 


| 3 . make a part of what is collected, 
| | | becauſe 
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becauſe. the caloric diſengaged from this air is 
part of the product of the experiment. 

It is ſomewhat more difficult to determine the 
ſpecific caloric contained in the different gaſſes, 
on account of their ſmall degree of denſity; for, 
if they are only placed in the calorimeter in 
veſſels like other fluids, the quantity of ice melt- 
ed is ſo ſmall, that the reſult of the experiment 
becomes at beſt very uncertain. For this ſpecies 
of experiment we have contrived to make the 
air paſs through two metallic worms, or ſpiral 
tubes; one of theſe, through which the air paſ- 
ſes, and becomes heated in its way to the calo- 
rimeter, is contained in a veſſel full of boiling 
water, and the other, through which the air cir- 
culates within the calorimeter to diſengage its 
caloric, is placed in the interior cavity, V, of 
that machine, - By means of a ſmall thermome- 
ter placed at one end of the ſecond worm, the 
temperature of the air, as it enters the calori- 
meter, is determined, . and. its temperature in 
getting out of the interior cavity is found by an- 
other thermometer placed at the other end of 
the worm. By this contrivance we are enabled 
to aſcertain the quantity of ice melted by deter- 
minate quantities of air or gas, while loſing a 
certain number of degrees of temperature, and, 
conſequently, to determine their ſeveral degrees 
of ſpecific caloric. The ſame apparatus, with 

ſome particular precautions, may be employed 

„ 5 1 | WO |: 
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to aſcertain the quantity of caloric diſengaged 
by the condenſation of _ gn of different 
Ante. 

The various experiments which may be made 


with. the calorimeter do not afford abſolute con- 
clufions, but only give us the meaſure of rela. 


tive quantities; we have therefore to fix a unit, 
or ſtandard point, from whence to form a ſcale 
of the ſeveral reſults. The quantity of caloric 
nereſſary to melt a pound of ice has been choſen 
as this unit; and, as it requires a pound of water 
of the temperature of 167 to melt a pound of 
ice, the quantity of caloric expreſſed by our unit 


or ſtandard point is what raiſes a pound of wa- 


ter from: 32 to 167% When this unit is once 
determined, we have only to expreſs the quan- 
tities of caloric difengaged from different bodies, 
by cooling a certain number of degrees, in ana- 
ingous values: The following is an eaſy mode of 
Calculation for this purpoſe, benen to one of 
our earlieſt experiment. 

We took 7 lib. II cz. 2 ros 36 grt. of 3 
e cut into narrow ſlips, and rolled up, or 
lexpreſſing the quantity in decimals, 7. 7070319 
Libr. Theſe being heated in a bath of boiling 
water to about 207.55 were quickly introdu- 
ced into the interior cavity of the calorimeter: 
At the end of eleven hours, when the whole 
quantity of water melted from the ice had tho- 


roughly drained oft, we and that 1.109795 


pounds 
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pounds of ice were melted. Hence, the caloric 
diſengaged from the iron by cooling 175.5 ha- 
ving melted 1.109795 pounds of ice, How much 
would have been melted by cooling 135* This 
queſtion gives the following ſtatement in direct 
proportion, 175.5 : 1.109995 : : 135: x=0.85 384. 
Dividing this quantity by the weight of the 
whole iron employed, viz. 7.7070319, the quo- 
tient o. 1 109 is the quantiiy of ice which would 
have been melted by one pound of iron while 
cooling through 135 degrees of temperature. 
Fluid ſubſtances, ſuch as ſulphuric and nitric . 

acids, &c. are contained in a matraſs, Pl. VI. 
Fig. 9. having a thermometer adapted to the 

cork, with its bulb immerſed in the liquid. The 

matraſs is placed in a bath of boiling water, and 
when, from the thermometer, we judge the liquid 
is raiſed to a proper temperature, the matraſs is 
placed in the calorimeter, ' The calculation of the 
products, to determine the'ſpecifie caloric of theſe 
flaids, is made as above directed, taking care to 
deduct from the water obtained the quantity 
which. would have been produced by the matraſs | 
alone, which maſt be. aſcertained by a previous 
experiment. The table of the reſults obtained by 
theſe experiments is omitted, becauſe not yet ſuf- 
ficiently complete, different eircumſtances having | 
occaſioned the ſeries to be interrupted; it is not, 
however, loſt. ſight of; and we are leſs or more 
3 upon the ſubject: every winter. 
E E C H A P, 0 
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7 Mechanica ww ons for. the, Divifon of 


Bodies, 


s E U 


27 Tritraden, luer, and a Pulprhatio 


| ESE wy! 8 ſpoakink; 5 preli- 
I minary mechanical operations for dividing 
and Erereuag the particles of bodies, and redu- 
eing them into very fine powder. Theſe ope- 
rations gan never reduce ſubſtances into their 
primary, or elementary and ultimate particles; 
| they do not eyen deſtroy the aggregation of bo⸗ 
dies ; for every particle, after the moſt accurate 
trituration, forms a ſmall whole, reſembling the 
original maſs from which it was divided. - The 
real chemical operations, on the contrary, ſuch 
as ſolution, (deſtroy the aggregation of bodies, 
and ſeparate their conftituent and 1K. par- 


 ficles from each Seer: ! ae 
A5 888 . Brittle 
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Brittle fubſtances are reduced to powder by 
means of peſtles and mortars. Theſe are of 
braſs or iron, Pl. I. Fig. I.; of marble or gra- 
nite, Fig. 2. ; of lignum vitz, Fig. 3. ; of glaſs, 
Fig. 4.; of agate, Fig. 5. ; or of porcelain, Fig. 6. 
The peſtles for each of theſe are repreſented 
in the plate, immediately below the mortars 
to which they reſpectively belong, and are made 
of hammered iron or braſs, of wood, glaſs, 
porcelain, marble, granite, or agate, according - 
to the nature of the ſubſtances they are in- 
_ tended te triturate. In every laboratory, it is 
requifite to have an aſſortment of theſe uten- 
fils, of various ſizes and kinds: Thoſe of .por- 
celain and glaſs can only be uſed. for rubbing 
ſubſtances to powder, by a dexterous uſe. of 
the peſtle round 'the fides of the mortar, as it 
would be eaſily broken by reiterated blows of 
the peſtle. | 
The bottom of mortars ought to be Ke Ay in 
form of a hollow fphere, and their ſides ſhould 
have ſuch a degree of inclination as. to- make 
- the ſubſtances they contain fall back to the bot- 
tom when the peſtle is lifted, but not ſo perpen- 
dicular as to collect them too much together, 
otherwiſe too large a quantity would get below 
the peſtle, and prevent its operation. For this 
reaſon, likewiſe, too large a quantity of the ſub- 
ſtance to be powdered ought not to be put into 
the mortar at one time; and we muſt from 
E e 2 „ 
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time to time get rid of the particles already re- 
duced to powder, by means of Aren to be af. 
terwards deſcribed. 1 OR 

The. moſt uſual method of W is by 
means of a flat table ABCD, Pl. I. Fig. 7. made 

of porphyry, or ſome other ſtone of ſimilar hard- 
neſs; on this the ſubſtance to be reduced to 
powder is ſpread, and is then bruiſed and rub- 
bed by a muller M, of the ſame hard materials, 
the bottom of which is made a ſmall portion of 
a large ſphere; and, as the muller tends conti- 
nually to drive the ſubſtances towards the ſides 
of the table, a thin flexible knife, or ſpatula of 
iron, horn, wood, or ivory, is uſed for bringing 
them back to the middle of the ſtone. 
In large works, this operation is performed 
a by means of large rollers of hard ſtone, which 
turn upon each other, either horizontally, in the 
way of corn-mills, or by one vertical roller 
turning upon a flat-ſtane. In the above opera- 
tions, it is often requiſite to moiſten the Kub- 
ſtances a 85 to n the fine 152 0 from 
flying off. 

There are 6 many bodies W cannot be re- 
duced to powder by any of the foregoing me- 
thods; ſuch are fibrous ſubſtances, as woods, 
ſuch ſubſtances as are tough and elaſtie, as the 
horns. of animals, elaſtic gum, &c. and the mal- 
leable metals, which flatten under the peſtle, 


E inſtead of _ reduced to — For redu- 
cing 
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cing the woods to powder, raſps, as in Pl. I. 
Fig. 8. are employed; files of a finer kind are 
uſed for horn; and ſtill . Pl. I. Fig. g. and 
10. for motels. | 

Some of the metals, though not brittle enough 


to powder under the peſtle, are too ſoft to be 


filed, as they clog the file, and prevent its opera- 


tion. Linc is one of theſe, but it may be pow- 
dered when hot, in a heated iron . mortar, or it 


may be rendered brittle, by alloying it with a 
| ſmall quantity of mercury. One or other of theſe 
methods is uſed by fire-work makers for produ- 


| cing a blue flame by means of zinc. Metals may 


be reduced into grains, by pouring them when 
melted into water, which method ſerves very 
well when they are not wanted in fine powder. 
Fruits, potatoes, &c. of a pulpy and fibrous 
nature, may be reduced to pulp by means of the 
grater, Pl. I. Fig. 11. 

The choice of the different ſubſtances of which 
theſe inſtruments are made is a matter of impor- 
tance ; braſs or copper are unfit for operations 


upon e ee to be uſed as food or in pharma- 


ey; and marble or metallic inſtruments muſt 

not be uſed for acid ſubſtances; hence mortars 

3 very hard wood, and thoſe of porcelain, gra- 
nite, or glaſs, are of great utility i in 1 many ope- 
rations, | N 

2317683, 8e. 


4 
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S'ECT I. 


Of Sifting and Waſhing Powdered Subſtances. 


None of the mechanical operations, employed 
for reducing bodies to powder, is capable of pro- 
ducing it of an equal degree of fineneſs through- 
out; the powder obtained by the longeſt and 
2 se accurate trituration being ſtill an aſſem- 
blage of particles of various ſizes. The coarſer 
of theſe are removed, ſo as only to leave the 
finer and more homogeneous particles, by means 
of ſieves, Pl. I. Fig. 12, 13, 14, 15. of different 
fineneſſes, adapted to the particular purpoſes 
they are intended for; all the powdered matter 
which is larger than the interſtices of the fieve 
remains behind, and is again ſubmitted to the 
peſtle, while the finer paſſes through. The ſieve 

Fig. 12. is made of hair- cloth, or of ſilk-gauze; 

and the one repreſented Fig. 13. is of parch- 
ment pierced with round holes of a proper fize; 

this latter is employed in the manufacture of 
gun- powder. When very ſubtile or valuable 
materials are to be ſifted, which are eaſily 
diſperſed, or when the finer parts of the powder 
may be hurtful, a compound fieve, Fig. 15. is 


made uſe of, which confiſts of the ſieve ABCD, 
| with 
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with a lid EE, and receiver GH; theſe three 
parts are e as n e for uſe, 
Fig. 14. 

There is 4 80 of. procuring powders of 
an uniform fineneſs, conſiderably more accu- 
rate than the fieve; but it can only be uſed 
with ſuch ſubſtances as are not acted upon by 
water. The powdered ſubſtance is mixed and 
agitated with water, or any other convenient 
fluid ; the liquor is allowed to ſettle for a few 
moments, and is then decanted off; the eoarſeſt 
powder remains at the bottom of the veſlel, and 
the finer paſſes over with the liquid. By re- 
peated decantations in this manner, various ſe- 
diments are obtained of different degrees of 


ſineneſs; the laſt ſediment, or that which re- 


mains longeſt ſuſpended in the liquor, being the 
ſmeſt. This proceſs may likewiſe be uſed with 
advantage for ſeparating ſubſtances. of different 
degrees of ſpecific gravity, though of the ſame 
fineneſs ; this laſt is chiefly employed in mining, 
for ſeparating the heavier metallic ores from the 
lighter earthy. matters with which ED are mix- 
ed, Ts Tug 
In ie ieee pans and ji jugs of ak | 

_ orearthen-ware, are employed. for this operation; 
ſometimes for decanting the liquar without dif- 
turbing the ſediment, the glaſs fy phen ABCHT, 
Pl. II. Fig. II. is uſed, which may be ſupported 
* means of the perforated board DE, at the 
E e 4 95 moe 
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proper depth in the veſſel FG, to draw off all 
the liquor required into the receiver LM. The 
principles and application of this uſeful inſtru- 
ment are ſo well known, as to need no explana- 


. 


s E O T. II. 


Of Filtration. 


A filtre is a ſpecies of very fine ſieve, which is 
_ permeable to the particles of fluids, but through 
which the particles of the fineſt powdered ſolids 
are incapable of paſſing; hence its uſe in ſepara- | 
ting fine powders from ſuſpenſion in fluids. In 
pharmacy, very cloſe and fine woollen cloths are 
_ chiefly uſed for this operation; theſe are com- 
monly formed in a conical ſhape, PL II. Fig. 2. 
which has the advantage of uniting all the liquor 
which drains through into a point A, where it 
may be readily collected in a narrow mouthed 
| veſſel, In large pharmaceutical laboratories, this 
filtring bag is etched upon a e , 
PL II. Fig. . 
For the purpoſes of i as it is requi - 
11 ſite to have the filtres perfectly. clean, unſized 
= paper i is ſubſtituted inſtead of cloth or flannel 
. 1 through 
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through this ſubſtance, no ſolid body, however 
finely it be powdered, can penetrate, and fluids 
percolate through it with the greateſt readineſs. 
As paper breaks eaſily when wet, various me- 
thods of ſupporting it are uſed according to cir- 
cumftances. When a large quantity of fluid is 
to be filtrated, the paper is ſupported by the 
frame of wood, PI. II. Fig. 3. ABCD, having a 
piece of coarſe cloth ſtretched. over it, by means 
of iron-hooks. This cloth muſt be well cleaned 
each time it is uſed, or even new cloth muſt be 
employed, if there is reaſon to ſuſpect its being 
impregnated with any thing which can injure the 
ſubſequent operations. In ordinary operations, 
where moderate quantities of fluid are to be fil- 
_ trated, different kinds of glaſs funnels are uſed 
for ſupporting the paper, as repreſented PL II. 
Fig. 5, 6. and 7. When ſeveral filtrations muſt 
be carried on at once, the board or ſhelf AB, 
Fig. 9. ſupported upon ſtands C and D, and 
| Pierced with round holes, is very convenient for 
containing the funnels. 

Some liquors are ſo thick and clammy, as 
not to be able to penetrate through paper with- 
out ſome previous preparation, ſuch as clarifica-. 
tion by means of white of eggs, which, being 
mixed with the liquor, coagulates when brought 
to boil, and, entangling the greater part of the 
impurities of the liquor, riſes with them to the 
ſurface in the ſtate of ſcum. Spiritous liquors 

Oe . may; 


by 
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may be clarified in the ſame manner by means 
of ifinglaſs diſſolved in water, which coagulates 


by the action of the alkohol without the alli 


ance of heat. . 

As moſt of the acids are an by diftit 
lation, and are conſequently clear, we have rarely 
any occaſion to filtrate them; but if, at any time, 
concentrated acids require this operation, it is im- 


poſſible to employ paper, which would be corrod- 


ed and deſtroyed by the acid. For this purpoſe, 


pounded glaſs, or rather quartz or rock- cryſtal, 
broke in pieces, and groſsly powdered, anſwers 
very well; a ſew of the larger pieces are put in 


the neck of the funnel, theſe are covered with 
the ſmaller pieces, the finer powder is placed over 


all, and the acid is poured on at top. For the 
ordinary purpoſes of ſociety, river - water is fre- 
gquently filtrated by means of clean waſhed ſand, 
to ſeparate its impurities, or by means of certain 
porous ſtones, called filtering e cut into a 
convenient form. 


8 E o 7+ IV. 
of Decditatich. 


This 8 is . ſubſtituted, inftead of 


amen for e ſolid ee which are 
diffuſed 
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diffuſed through liquors. Theſe are allowed to 
ſettle in conical veſſels, ABCDE, Pl. II. Fig. 10. 
the diffuſed matters gradually ſubſide, and the 
clear fluid 1s gently poured off. If the ſediment 
be extremely light, and apt to mix again with the 
fluid by the ſlighteſt motion, the ſyphon, Fig. Ir. 
is uſed, inſtead of decantation, for drawing off 
the clear fluid. 

In experiments, where the weight of the pre- 
cipitate muſt be rigorouſly aſcertained, decanta- 
tion is preferable to filtration, providing the pre- 
cipitate be ſeveral times waſhed in a conſider- 
able proportion of water. The weight of the 
precipitate may indeed be aſcertained, by care- 
fully weighing the filtre before and after the 
operation ; but, when the quantity of precipi- 
tate is ſmall, the different proportions of moi- 
{are retained by the paper, in a greater or. leſſer 
degree of exſiccation, may prove a material 
ſource of error, which ought EIN to be 
ht: agent. it 5 
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f Chemical Means for ſeparating the Particles of 
Bodies from each other, without Decompoſition, 
and for OR them again. 


Have already ſhewn that there are two me- 

; thods of dividing the particles of bodies, the 
mechanical and chemical, The former only {- 
parates a ſolid maſs into a great number of 
ſmaller maſſes; and for theſe purpoſes various 
ſpecies of forces are employed, according to cir- 
cumftances, ſuch as the ſtrength of man or cf 
animals, the weight of water applied through 
the means of hydraulic engines, the expanſive 
power of ſteam, the force of the wind, &c. By 
all or any of theſe mechanical powers, however, 
we can never reduce ſubſtances into powder be- 
yond a certain degree of fineneſs ; and the ſmall- 
eſt particle produced in this way, though it ſeems 
very minute to our organs, is till in fact a moun- 
tain, when compared with the ultimate elemen- 
tary particles of the pulverized ſubſtance. 

The chemical agents, on the contrary, divide 
bodies into their primitive particles. If, for in- | 
ſtance, a neutral ſalt be ated upon by theſe, it WM t 


is divided, as far as is poſſible, without ceaſing WW n 
| to , 
3 


CC Ww5 * » 


| TIO combines. with oxygen,: and is changed 
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to be a neutral ſalt. In this Chapter, I mean to 


give examples of this kind of diviſion of bodies, 
to abe 1 1 add ſome account of the relative 


S 


Of the Solution of Salt. 


In chemical language, the terms of ſolution 
and diſſolution have long been confounded, and 


have very improperly been indiſcriminately em- 


ployed for expreſſing both the diviſion of the 


particles of a ſalt in a fluid, ſuch as water, and 
the diviſion: of a metal: in an acid. A few re- 


flections upon the effects of theſe two opera- 
tions will ſuffice to ſhow that they ought not 
to be confounded together. In the ſolution of 

ſalts, the ſaline particles are only ſeparated from 


each other, while neither the ſalt nor the water 


are at all decompoſed; for we are able to recover 
both the one and the other in the ſame quantity 


as before the operation. The ſame thing takes 


place in the ſolution of reſins in alkohol. Du- 
ring metallic diſſolutions, on the contrary, a 


decompoſition, either of the acid; or of the wa- 


ter which dilutes it, always takes place; the 


into 
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into an oxyd, and a gaſſeous ſubſtance is diſen. 
gaged; ſo that in reality none of the ſubſtan- 
ces employed remain, after the operation, in the 
Jame ſtate they were in before. This article is 
entirely confined to the conſideration of ſolu. 
tion. 

To underſtand properly what takes place du- 
ring the ſolution of ſalts, it is neceſſary to know, 
that, in moſt of theſe operations, two diſtinct 
effects are complicated together, viz. ſolution by 
water, and ſolution by caloric; and, as the ex- 
planation of moſt of the phenomena of ſolution 
depends upon the diſtinction of theſe two cir- 
cum e 1 2 e a * e their na- 
ture. | 
Dr -Nitrat of potaſh, A W nitre or ſalt- 
petre, contains very little water of cryſtalliza- 
tion, perhaps even none at all; yet this ſalt li- 
quifies in a degree of heat rn ſuperior to 
that of boiling water. This liqui faction cannot 
therefore be produced by means of the water of 
eoryſtallization, but in conſequence of the ſalt be- 
ing very fuſible in its nature, and from its paſſing 
from the ſolid to the liquid ſtate: of aggregation, 
wher but a little raiſed above the temperature of 
boiling water. All falts are in this manner ſuſ- 
geptible of being liguified by caloric, but in 

higher or lower degrees of temperature. Some 

of theſe, as tlie acetites of potaſh and ſoda, li- 
8 e with a very moderate heat, while others, 


5 | | as 
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as ſulphat of potaſh, or of lime, &. require the 
ſtrongeſt fires we are capable of producing, This 
liquifaction of ſalts by caloric produces exactly 
the ſame phenomena with the melting of ice; it 
is accompliſhed in each ſalt by a determinate de- 
gree of heat, which remains invariably the ſame 
during the whole time of the liquifaction. Ca- 
lorie is employed, and becomes fixed during the 
melting of the ſalt, and is, on the contrary, diſ- 
engaged when the falt coagulates. Theſe are 
general phenomena, which univerſally occur du- 
ring the paſſage of every ſpecies of ſubſtance from 
the ſolid to the fluid ſtate of aggregation, and 
from fluid: to ſolid, 5 
Theſe phenomena, ariſing dom ſolution by 
0 are always leſs or more conjoined with 
thoſe which take place during ſolutions in water. 
We cannot pour water upon a ſalt, on purpoſe 
to diffolve it, without employing a compound 
ſolvent; both water and caloric ; hence we may 
diſtinguiſh ſeveral diffetent caſes of ſolution, ac- 
cording to the nature and mode of exiſtence of 
each falt. If, for inſtance; a ſalt be diſſicultlyß 
ſoluble in water, and readily ſo by caloric, it 
evidently follows, that this ſalt will be ſcantily 
ſoluhle in cold water, and conſiderably in hot 
water 3 ſuch is nitrat of potaſh, and more eſpe- 
cially oxygenated muriat of potaſh. If another 
falt be little ſoluble both in water and caloric, 
ſhe: difference of its ſolubility in cold and warm 
* water 
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water will be very inconſiderable 3 fulphat of 


lime is of this kind. From theſe conſiderations, 


it follows, that there is a neceſſary relation be- 


tween the following circumſtances; the ſolubili- 
ty of a ſalt in cold water, its ſolubility in boil- 
ing water,'and the degree of temperature at 
which the ſame ſalt liquifies by caloric, unaſſiſted 
by water; and that the diflerence of ſolubility 
in hot and cold water is ſo much greater in pro- 
portion to its ready ſolution in caloric, or in pro- 


5 portion to its ſuſceptibility of ie in a low | 
f degree of temperature. 0 


The above is a general view o of 3 0 _ 


for want of particular fas, and ſufficiently ex- 


act experiments, it is ſtill nothing more than an 


approximation towards a particular theory. The 
means of completing this part of chemical ſcience 


is extremely ſimple; we have only to aſcer- 


tain how much of each ſalt is diſſol ved by a cer- 


Is 


tain, quantity of water at different degrees of 


temperature; and as, by the experiments pu- 


bliſhed by Mr de la Place and me, the quantity 
of caloric. contained in a pound: of water at each 


degree of the thermometer is accurately known, 


it will be very eaſy to determine, by fimple ex- 


4 Nair 


periments,. the proportion of water and caloric 
required for ſolution by each ſalt, what quanti- 
ty of galoric is abſorbed by each at the moment 
of liquifaction, and how much. is diſengaged at 
the moment of cryſtallization. | Henee the reaſon 
why 
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why ſalts are more rapidly ſoluble in hot than 
in cold water is perfectly evident. In all ſolu- 
tions of ſalts caloric is employed; when that is 
furniſhed intermediately from the ſurrounding 
bodies, it can only arrive flowly to the ſalt; 
whereas this is greatly accelerated when the re- 
. quiſite caloric exiſts ready combined with the 
water of ſolution. | 
In general, the ſpecific gravity of water is ang- 

_ mented by holding ſalts in ſolution; but there 
are ſome exceptions to the rule. Some time 
hence, the quantities of radical, of oxygen, and 
of baſe, which conſtitute each neutral ſalt, the 
quantity of. water and caloric neceſſary for ſolu- 
tion, the increaſed ſpecific gravity communicated 
to water, and the figure of the elementary. parti- - 
cles of the cryſtals, will all be accurately known. 
From theſe all the circumſtances and phenomena 
of cryſtallization will be explained, and by theſe 
means this part of chemiſtry will be completed. 
Mr Seguin has formed the plan of a thorough 
inveſtigation of this kind, which he is ren | 
capable of executing. -- 

Ihe ſolution of ſalts in water requires no par- 
ticular apparatus; ſmall glaſs phials ef different 
ſizes, PL. II. Fig. 16. and 17. pans of earthen- 
ware, A, Fig. 1. and 2. long- necked matraſſes, 
Fig. 14. and pans or baſons of copper or of ſil- 
ver, Fig. 13. and 15. anſwer very walk for theſe 
n : EIVIE4 1SDAU-c20N67 
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This is an operation uſed in chemiſtry and 


manifaQures for ſeparating ſubſtances which are 
ſoluble in water from ſuch as are inſoluble. The 
large vat or tub, Pl. II. Fig. 12. having a hole 
P near its bottom, containing a wooden. ſpigot 


and foſſet, or metallic ſtop-cock DE, is generally 


uſed for this purpoſe. A thin ſtratum of ſtraw 
is placed at the bottom of the tub; over this, 
the ſubſtance to be lixiviated is laid and covered 
by a cloth, then hot or cold water, according to 
che degree of ſolubility of the ſaline matter, is 
poured on. When the water is ſuppoſed to have 
_diflvlyed/ all the ſaline parts, it is let off by the 
' flopieock? and, as fome' of the water (charged 

with ſalt neceſſarily adheres to the ſtraw and in- 
ſoluble matters, ſeveral freſh quantities of water 
are pbured on. The ſtraw ſerves to ſeeure a 

0 er paſfage for the water, and may be com- 
pared" to' theftraws or glaſs roads uſed in filtrat- 
ing, to keep the paper from touching the ſides 
of the! funnel. The cloth which is laid over the 


matters under Hirnen * the water from 
e . making 
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making a hollow in theſe ſubſtances where it is 
poured on, through which it might eſcape with- 
out acting upon the whole mals. 

This operation is leſs or more imitated in che- 
mical experiments; ; but as in theſe, eſpecially 
with analytical views, greater exactneſs is re- 
quired, particular precautions muſt be employed, 
ſo as not to leave any ſaline or ſoluble part in the 
reſiduum. Mare water muſt be employed than 
in ordinary lixiviations, and the ſubſtances ought 
to be previoufly ſtirred up in the water. before, 
the clear liquor is drawn off, otherwiſe the hole 
maſs might not be equally lixiviated, and ſome 
parts might even eſeape altogether from the ac 
tion of the water. We muſt likewiſe employ 
freſh: portions of water in conſiderable quantity, 
until it cames aff entirely free from ſalt, which 
we may aſcertain by meang of the, e 
formerly deſcribed. e 

In experiments with ſmall quantities, n 
ration is conveniently. performed in jugs or; ma: 
traſſes of glaſs, and by filtrating the liquor 
through paper in 2 glaſs funnel. When the ſub, - 
ſtanoe is in larger quantity, it may be. liziviated 
in a kettle of boiling-water; and filerated through 
paper, ſupported by cloth in a wooden frames © 
Pl. II. Fig. 3. and 4.; and in operations in th 
188. way, a tab een N og v 
32 2 9 „ 
ft og te l f 8E C 12 
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"PIECE. 
| 8 Of Evaporation, F 


This operation is uſed for ſeparating two ſub. 
ftances from each other, of which one at leaſt 
muſt be fluid, and whoſe degrees of volatility are 
eonſiderably different. By this means we obtain 
a ſalt, which has been diſſolved in water, in its 
concrete form; ; the water, by heating, becomes 
combined with caloric, which renders it volatile, 
while the particles of the ſalt being brought near- 
er to each other, and within the ſphere of their 

mutual attraction, unite into the ſolid ſtate. 
As it was long thought that the air had great 
influence upon'the quantity of fluid evaporated, 
it will be proper to point out the errors which 
this opinion has produced. There certainly is 
a conſtant flow evaporation" from fluids expoſed 
to the free air; and, though this ſpecies of eva- 
poration may be conſidered in ſome degree as a 
ſolution i in air, yet caloric has conſiderable in- 
fluence 1 in producing it, as is evident from the 
| refrigergtion which always accompanies this pro- 
ceſs; hence we may conſider this gradual eva- 
— as a compound ſolution made partly in 
air, 
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air, and partly in caloric. But the evaporation 
which takes place from a fluid kept continually - 
boiling, is quite different in its nature, and in it 
the evaporation produced by the action of the 
air is exceedingly inconfiderable in compariſon 
with that which is occaſioned by caloric. This 
latter ſpecies may be termed vaporization rather 
than evaporation. This proceſs is not accelera« 
ted in proportion to the extent of evaporating 
ſurface, but in proportion to the quantities of 
caloric which combine with the fluid. Too free 
a current of cold air is often hurtful to this pro- 
ceſs, as it tends to carry off caloric from the wa- 
ter, and conſequently retards its converſion into 
vapour. Hence there is no inconvenience pro- 
duced by covering, in a certain degree, the veſ- 
ſels in which liquids are evaporated by continual 
boiling, provided the covering body be of ſuch 
u nature as does not ſtrongly draw off the calo- 
rig, or, to uſe an expreſſion of Dr Franklin's, 
Provided it be a bad conductor of heat. In this 
caſe, the vapours eſcape through ſuch opening 
as is left, and at leaſt as much is eyaporated, 
frequently more than when free acceſs is allowed 
to the external air. 

As during evaporation the fluid carried off by 
| caloric is entirely loft, being ſacrificed for the 
ſake of the fixed ſubſtances with which it was 
combined, 'this proceſs is only employed where 

the Ruid 1 is of ſmall value, as water, for inſtance. 
0 | 13 | But, 
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But, when the fluid is of more conſequence, we 
have recourſe to diſtillation, in which proceſs we 
preſerve both the fixed ſubſtance and the volatile 
fluid. The veſſels employed for evaporation are 
baſons or pans of copper, ſilver, or lead, Pl. II. 
Fig. 13. and 15. or capſules of glaſs, porcelain, 
or ſtone- ware, Pl. II. A, Fig. 1. and 2. Pl. III. 
Fig. z. and 4. The beſt utenſils for this pur- 


poſe are made of the bottoms of glaſs retorts and 


matraſſes, as their equal thinneſs renders them 
mote fit than any other kind of glaſs· veſſel for 
bearing a briſk fire, and ſudden rang of 
heat and cold, without breaking. eG 
As the method of cutting theſe glass veſſels is 
no where deſcribed in books, I ſhall here give a 
_ deſcription of it, that they may be made by che- 
miſts for themſelves out of ſpoiled retorts;:ima- 
traſſes, and recipients, at a much cheaper rate 
than any which can be procured from glaſs manu- 


flacturers. The inſtrument, Pl; III. Fig. 5. con- 


ſiſting of an iron ring A C, fixed to the rod A By 
having a wooden handle D, is employed as fol- 
lows: Make the ring red hot in the fire, and put 
mit upon the matraſs G, Fig. 6. which is to be 
eut; when the glaſs is ſufficiently heated, throw 
on a little cold water, and it will generally break 
| ngen at the circular line heated by the ring. 
Small flaſks or phials of thin glaſs are exceed- 
ing good veſſels for evaporating ſmall quantities 
| 0 5 8 they are very cheap, and ſtand the fire 
4 811 remarkably. 
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remarkably. One or more of theſe may be pla- 

ced upon a ſecond grate above the furnace, 

Pl. HI. Fig. 2. where they will only experience 
a gentle heat. By this means a great number of 
experiments may be carried on at one time. A 
glaſs retort, placed in a ſand-bath, and covered 

with a dome of baked earth, Pl. III. Fig. 1. an- 
ſwers pretty well for evaporations; but in this 
way it is always conſiderably ſlower, and is even 
liable to atcidents; as the ſand heats unequally- 
and the glaſs cannot dilate in the ſame; unequal 
manner, the retort is very liable to break. Some- 
times the ſand: ſerves exactly the office of the 
iron ring formerly mentioned; for, if a ſingle: 
drop of vapour, condenſed into liquid, happens 
to fall upon the heated part of the veſſel, it 
breaks circularly at that place. When a very 
intenſe fire is neceſſary, earthen erucibles may 
be uſed; but we generally uſe; the word evape= 
ration to expreſs what is produeed by the tem- 
perature of boiling water, or not much higher. 


$-4 [1 7 * 2 : by 1 ; y 
* 
7. 5 8 E. C T 
| 27 : $-2:7] x r + . wes * ic 2 
4 TT; 4. 
! \ 


46 E ELEMENTS. 


5 * 
2 * ama . 
N. 
WN S E OH. Tv. 
LY .. 
* F Y 3 * # * w ih © 8 


Of Cryſtallization. 

In this procefs the integrant parts of a ſolid 
body, ſeparated from each other by the inter- 
vention of a fluid, are made to exert the mutual 
attraction of aggregation, ſo as to coaleſce and 
reproduce a folid maſs. When the particles of 
a body are only ſeparated by caloric, and the 
ſubſtance is thereby retained in the liquid ftate, 
all that is. neceflary for making it cryſtallize, is 
to remove a part of the caloric which is lodged 
between its particles, or, in other words, to cool 
it. If this refrigeration be ſlow, and the body 
be at the ſame time left at reſt, its particles aſ- 
fume a regular arrangement, and oryſtallization, 
properly ſo called, takes place; but, if the re- 
frigeration is made rapidly, or if the liquor be 
agitated at the moment of its paſſage to the con- 
crete ſtate, the cryſtallization is irregular and 

confuſed. TEM 5 
The ſame phenomena occur with watery ſolu- 
tions, or rather in thoſe made partly in water, 
and partly by caloric. So long as there remains 
a ſufficiency of water and caloric to keep the 
particles of the body aſunder beyond the ſphere | 
4 | 1 75 of 
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of their mutual attraction, the ſalt remains in 
the fluid ſtate; but whenever either caloric or 
water is not preſent in ſufficient quantity, and 
the attraction of the particles for each other be- 
comes ſuperior to the power which keeps them 
aſunder, the ſalt recovers its concrete form, and 
the cryſtals produced are the more regular in 
proportion as the evaporation has been ſlower 
and more tranquilly performed. 

All the phenomena we formerly mentioned 
as taking place during the ſolution of ſalts, oc- 
cur in a contrary ſenſe during their cryſtalliza- 
tion. Caloric is diſengaged at the inſtant of 
their aſſuming the ſolid ſtate, which furniſhes 
an additional proof of falt being held in ſolu- 
tion by the compound action of water-and ca- 
loric. | Hence to cauſe ſalts to cryſtallize which 
readily liquify by means of caloric, it is not ſuf- 
ficient to carry off the water which held them 
in ſolution, but the caloric united to them muſt 
likewiſe be removed. Nitrat of potaſh, oxyge- 
nated muriat of potaſh, alum, ſulphat of ſoda, - 
&c. are examples of this circumſtance, as, to 
make theſe ſalts cryſtallize, refrigeration muſt be 
added to evaporation. Such ſalts, on the con- 
trary, as require little caloric for being kept in 
ſolution, and which, from that circumſtance, 
are almoſt equally ſoluble in cold and warm 
water, are cryſtallizable by ſimply carrying off 
the water which holds them in ſolution, and 

its even 
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even recover their ſolid ſtate in boiling water; 
ſuch are ſulphat of lime, muriat of potaſh and of 
ſoda, and ſeveral others. fs | 
The art of refining ſaltpetre Sant upon 
theſe properties of ſalts, and upon their different 
degrees of ſolubility in hot and cold water. This 
ſalt; as produced in the manufactories by the 
firſt operation, is compoſed of many different 
ſalts; ſome are deliqueſcent, and not ſuſceptible 
of being cryſtallized, ſueh as the nitrat and mu- 
riat of lime; othets are almoſt; equally ſoluble 
in hot and cold water, as the muriats of potaſn 
and of ſoda; and laſtly, the ſaltpetre, or nitrat 
of potaſh, is greatly more ſoluble in hot than it 
is in cold water. The operation is begun by 
pouring upon this mixture of ſalts, as much wa- 
ter as will hold even the leaſt ſoluble, the mu- 
riats of ſoda and of potaſh, in ſolution; ſo long 
as it is hot, this quantity readily diſſolves all the 
ſultpetre, but upon cooling, the greater part of 
this” ſalt 'cryſtallizes,' leaving about a fixth part 
remaining diſſolved, and mixed with the nitrat 
of lime and the two muriats. The nitre obtain- 
ed by this proceſs is ſtill ſomewhat impregnated 
with other ſalts, becauſe it has been eryſtallized 
from water in which theſe abound: It is com- 
pletely purified from theſe by a ſecond ſolution 
in a ſmall quantity of boiling water and ſecond 
_ eryſtallization. The water remaining after theſe 
| eee of nitre is ſtill loaded with a mix- 


ture 


ture of ſaltpetre, and other ſalts; by farther eva- 
poration; crude! ſaltpetre, or rough-petre, as the 
workmen. call it, is procured. from it, and this 
is purified by: two freſh WR and oryſtalliza- 
tions. not LHR en 
The e 1 ſalts: which do not 
contain the nitric acid are rejected in this ma- 
nufacture; but thoſe which conſiſt of that acid 
neutralized by an earthy baſe: are diſſolved ini 
water, the earth ĩsiprecĩpitated by means of pots 
aſſi, and allowed! ta ſubſide; the clear liquor is 
then decanted, evaporated, and allowed to aryſ> 
tallize. The abobe management for: refinitif 
ſaltpette may ſerve us a general rule for ſepa» 
rating ſalts from each other which happen to 
be mixed together. The nature of euch muſſ 
be conſidered, the proportion int which each dif: 
ſolves in given quantities of watet, and the dif- 

ferent ſolubility af each in hot and cold water: 
If to theſe ye add the property which ſome falts 
poſſeſs, of being ſoluble in alkohol, or in a mix- 


ture of alkohol and water; i:we have many re- 


ſources for ſoparating ſalts? frbm each other by 
means of cryſtallization, though it muſt be al- 
lowed, that it is extremely difficult to render this 
ſeparation perfectly complete. ON 
The veſſels uſed for tagithBination are. Go 
of earthen ware, A, Pl. II. Fi ig. 1. ant 2. ani 
large flat diſhes, PI. III. Fig. 7. When a ſaline 
ſolutien is to be expoſed to a ſlow evaporation 
| in 
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in the heat of the atmoſphere, with free acceſs of 
air, veſſels of ſome depth, Plate III. Fig 3. mu 
be employed, that there may be a conſiderable 
body of liquid; by this means the -cryftals pro- 
duced are of conſiderable ſize, and NEE 
regular in their figure. 

Every ſpecies of ſalt cryſtallizes in a n 
form, and even each ſalt varies in the form of 
its eryſtals, according to cireumſtances, which 
take place during cryſtallization. We muſt not 
from thence conclude, that the ſaline particles of 
each ſpecies are indeterminate in their figures: 
The primitive particles of all bodies, eſpecially 
of ſalts, are perfectly conſtant in their ſpecific 
forms; but the cryſtals which form in our ex- 
periments are compoſed of congeries of minute 
particles, which though perfectiy equal in ſize 

and ſhape, may aſſume very diſſimilar arrange - 
ments, and conſequently produce a vaſt variety 

of regular forms, which have not the ſmalleſt 
apparent reſemblance to each other, nor to the 
original cryſtal. This ſubject has been very ably 
treated by the Abbe Haüy, in ſeveral memoirs 
preſented to the Academy, and in his work up- 
on the ſtructure of cryſtals : It is only neceſſary 
' to extend generally to the claſs of ſalts the prin- 
ciples he has particulatly r to ene ery- 
Rallized 3 en 
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SECT. v. 
Of Simple Diſtillation. 


As diſtillation has two diſtinct objects to ac- 
compliſh, it is diviſible into ſimple and com- 
pound; and, in this ſection, I mean to confine 
myſelf entirely to the former. When two bo- 
dies, of which one is more volatile than the 
other, or has more affinity to caloric, are ſub- 
mitted to diſtillation, our intention is to ſepa- 
rate them from each other : The more volatile 
ſabſtance aſſumes the form of gas, and is after- 
wards condenſed by refrigeration in proper veſ- 
ſels. In this caſe diſtillation, like evaporation, 
becomes a ſpecies of mechanical operation, which 
ſeparates two ſubſtances from each other without 
_ decompoſing or altering the nature of either. In 
evaporation, our only object is to preſerye the 
fixed body, without paying any regard to the 
volatile matter; whereas, in diſtillation, our prin- 
cipal attention is generally paid to the volatile 
ſubſtance, unleſs when we intend to preſerve- 
both the one and the other. Hence, fimple di- 
ſtillation is nothing more than” Nr pro- 
| duced in cloſe veſſels; hols 
. The mot kimple diſtilling veſſel i is a ſpecies 


| of 
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of bottle or matraſs, A, Pl. III. Fig. 8. which has 
been bent from its original form BC to BD, and 
which is then called a retort; when uſed, it is 
placed either ina reverberatory furnace, Pl. XIII. 
Fig. 2. or in a ſand- bath under a dome of baked 
earth, Pl. III. Fig. 1. To receive and condenſe 


+ + 


operations, 1-5 glaſs « or Lone ware cucurbit, A 
with its capital B, Pl. III. Fig. 12. or the glaſs | 
alembic and capital, Fi ig: 13. of one piece, is 
employed. This latter 3 is managed by means of 
A: tubulated opening T, fitted with a round 
ſtopper « of cryſtal ; the capital, both, of the, gu- 
ceurbit and. alembic, has. a furrow or trench, 7 Fr, 
i iptended for .co .£ conveying the condenſed, ba 

| into the beak RS, by, 1 which it runs out. As, 
in almoſt all diſtillations, expanſive vapours are 
produced, which might, burſt the veſſels employ- 
ed, we are under the, neceſſity of having a ſmall 
hole, 15 Fig. 9. in the balloon, or recipient, 
through which t ele may find vent; hence, in 
this way of diftilling, all the products which : are 
permanently. aeriform are entirely loſt, and even 
ſuch as difficyltly, loſe that ſtate have x not ſuſhcient 
ſpace. to condepſe i in the balloon,: This appara- 
tus is not, therefore, proper for experiments of 
inveſtigation, and can only be admitted in the 
ordinary e of the laboratory or in 
2 13 pharmacy. 
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pharmacy. In the article appropriated for com- 
pound diſtillation, L ſhall explain the various 
methods which have been contrived for preſer- 
ving he whole WIE. rom bodies 1 in ney yon 
ces... | 
As laſs: or 3 veſſels are OP 3 
and do not readily. bear ſudden alterations f 
heat and cold, every well regulated laboratory 
ought to have one or more alembics of metal 
for diſtilling water, ſpiritous' liquors, eſſential 
dils, &c. This apparatus conſiſts of a cucurbit 
and capital of tinned copper or braſs, Pl. III. 
Fig. 15. and 16. which, when judged proper, 
may be placed in the water- bath, D, Fig 17. 
In diſtillation, eſpecially of ſpiritous liquors; the 
capital muſt be furniſhed with a refrigeratory, 
88, Fig. 16. kept continually filled with cold 
water; when the water becomes heated, it is 
let off by the ſtop- ock, R, and renewed with a 
freſh' ſupply of cold water. As the fluid diſtil - 
led is converted into gas by means of caloric 
furniſhed by the fire of the furnace, it is-evi- 
dent that it could not condenſe, and, conſt 
quently, that no diſtillation, properly ſpeaking; 
could take place, unleſs it is made to depaſit in 
the capital all the caloric -it received in the eu- 
curbit; with this view, the fides of the capital 
. muſt always be preſerved at a lower tempera- 
ture than is neceſſary for keeping the diſtilling 
ſubſtance in the ſtate vo gas, and the water in 
A. the 


464 ELEMENTS. 


the 1 is intended for this purpoſe. 
Water is converted into gas by the temperature 
of 2129, alkohol by 182.757, and either by 1040; 
hence theſe ſubſtances cannot be diſtilled, or ra- 
ther they will fly off in the ſtate of gas, unleſs 
the temperature of the refrigeratory be kept un- 
der theſe reſpective degrees. | 

In the diſtillation of ſpiritous, nd other ex- 

panſive liquors, the above deſcribed refrigerato- 
ty is not ſufficient for condenſing all the vapours 
which ariſe ; in this caſe, therefore, inſtead of 
receiving the diſtilled liquor immediately from 
the beak TU, of the capital into a recipient, 
a worm is interpoſed between them. This in- 
ſtrument is repreſented Pl. III. Fig. 18. contain- 
ed in a worm tub of tinned copper; its conſiſts 
of a metallic tube bent into a conſiderable num- 

ber of ſpiral revolutions. The veſſel which con- 
tains the worm is kept full of cold water, which 
is renewed as ĩt grows warm. This contrivance 
is employed in all diſtilleries of ſpirits, without 
the intervention of a capital and refrigeratory, 
properly ſo called. The one repreſented in the 
plate is furniſhed with two worms, one of them 
being particularly appropriated t to en of 
| crocs ſubſtances. - _ 

In ſome ſimple diſtillations it is oe” to 
ne an adopter between the retort and re- 
ceiver, as ſhewn Pl. III. Fig. 11. This may 
ſerve two different purpoſes; either to ſeparate 
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two products of different degrees of volatility ; 
or to remove the receiver to a greater diſtance 
from the furnace, that it may be leſs heated. 
But theſe, and ſeveral other more complicated 

inſtruments of ancient contrivance, are far from 
producing the accuracy requiſite in modern che- 
miſtry, as will be readily perceived when I come 


to treat of compound diſtillation. 


SECT. VL 
Of Sublimation. 


\ 


> 


This term is applied to the diſtillation of ſub- 
ſtances which condenſe in a concrete or ſolid 
form, ſuch as the ſublimation of ſulphur, and of 
muriat of ammoniac, or ſal ammoniac. Theſe 
operations may be conveniently performed in 
the ordinary diſtilling veſſels already deſcribed, 
though, in the ſublimation of ſulphur, a ſpe- 

cies of veſſels, named Alludels, have been uſu- 
ally employed. Theſe are veſſels of ſtone or 
porcelain ware, which adjuſt to each other over 
a cucurbit containing the ſulphur to be ſubli- 
med. One of the beſt ſubliming veſſels, for ſub- 
ſtances which are not very volatile, is a flaſk, 
or Phial of glaſs, ſunk about two-thirds into a 

ä land- 
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ſand-bath ; but in this way we are apt to loſe a 
part of the products. When theſe are wiſhed 
to be entirely preſeryed, we myſt have recourſe 
to the pneumato-chemical diſtilling apparatus, to 
he deſcribed in the following chapter. 


2 POE CHAP, 


* 
4 { 
* ; 
In U : 
4 4 4 * 
- 1 * 
x" © 0 4 ff 7 
4 wt 42 2 0 81 f 
? 1:3 = ut „ } "770 —_— 0% £% 
- 1 * 14191 — 1410 
a ; * . 4 259 . 
% y 8 # 2 121 ; eo. Tz 74% 
1 ? 13 ö 8 * * 5 111 Eu be Ate 4 por Wy ? y b j 
oy * * o 
A 1 97 f ſ 
#44 24 
* f 
I * $+1 4 1 1 
* 
? 2 * 
" - 0 ; p P NN 4 
Ty * 2 4 # 44 - — * 
91 % f 7 
* * % 1 5 4 4 * 
3 42245 — 
* 
* 
oh * * * * 
; 4 18 
ry * 
" gb y 
— 7 \ i 1 $4 7 ay 4 * 
. 1 Y NY : 
* 1 fr 207 8 54 
2 
$ 77 881 


OF CHEMISTRY. 467 


CHAF.- YE 


Of Pneumato-chemical Diſtillations, Metallic Dij- 
ſolutions, and fome other Operations which re- 
quire very complicated Inſtruments, 


EDS Ex 
Of Compound a and Pueumato-chemical Difillation 


N the preceding chapter; I have only treated 
of diſtillation as a ſimple operation, by which 
two ſubſtances, differing in their degrees of vola- 
tility, may be ſeparated from each other; but diſ- 
tillation often actually decompoſes the ſubſtan- 
ces ſubmitted to its action, and becomes one of 
the moſt complicated operations in chemiſtry, 
In every diſtillation, the ſubſtance diſtilled muſt 
be brought to the ſtate of gas, in the cucurbit or 
retort, by combination with caloric : In ſimple 
diſtillation, this caloric is given out in the re- 
frigeratory or in the worm, and the ſubſtance | 
again recovers its liquid or ſolid form ; but the 
ſubſtances ſubmitted to compound diſtillation | 
EF Gg2 are 
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are abſolutely decompounded; one part, as for 
inftance the carbon they contain, remains fixed 
in the retort, -and all the reſt of the elements 
are reduced to gaſſes of different kinds. Some 
of theſe gaſſes are ſuſceptible of being conden- 
ſed, and of recovering their ſolid or liquid forms, 
while others are permanently aëriform; one part 
of theſe are abſorbable by water, ſome by the al- 
kalies, and others are not ſuſceptible of being 
abſorbed at all. An ordinary diſtilling appara- 
tus, ſuch as has been deſcribed in the preceding 
chapter, is quite inſufficient for retaining or for 
ſeparating theſe diverſified products, and we are. 
obliged to have recourſe, for this purpoſe, to 
methods of a more complicated nature. 

The apparatus I am about to deſcribe is cal- 
culated for the moſt complicated diſtillations, and 
may be ſimplified or extended according to cir- 
cumſtances. It conſiſts of a tubulated glaſs retort 
A, Pl. IV. Fig. 1. having its beak fitted to a tu- 
bulated balloon or recipient BC; to the upper 
orifice D of the balloon a bent wide DE is ad- 
juſted, which, at its other extremity , is plun- 
ged into the liquor contained in the bottle L, 
with three necks xxx. Three other ſimilar 

bottles are connected with this firſt one, by 
means of three ſimilar bent tubes diſpoſed in 
| the ſame manner ; and the fartheſt neck of the 
laſt bottle is bee with a jar in a pneu- 
mato· chemical apparatus, by means of a bent 
tube. 
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tube &. A determinate weight of diſtilled water 
is uſually put into the firſt bottle, and the other 
three have each a ſolution of cauſtic potaſh in 
water. The weight of all theſe bottles, and of 
the water and alkaline ſolution they contain, muſt 
be accurately aſcertained. Every thing being thus 
_ diſpoſed, the junctures between the retort and re- 
- cipient, and of the tube D of the latter, muſt be 
luted with fat lute, covered over with flips of 
linen, ſpread with lime and white of eggs; all 
the other junctures are to be ſecured by a lute 
made of wax and roſin melted together. 
When all theſe diſpoſitions are completed, 
and when, by means of heat applied to the re- 
tort A, the ſubſtance it contains becomes de- 
compoſed, it is evident that the leaſt volatile 
products muſt condenſe or ſublime in the beak 
or neck of the retort itſelf, where moſt of the 
concrete ſubſtances will fix themſelves. The 
more volatile ſubſtances, as the lighter oils, am- 
moniac, and ſeveral others, will condenſe in the 
recipient GC, whilſt the gaſſes, which are not 
ſuſceptible of condenſation by cold, will paſs on. 
by the tubes, and boil up through the liquors 
in the ſeveral bottles. Such as are abſorbable 
| e by 
The repreſentation of this apparatus, Pl. IV. Fg 1. 
will convey a much better idea of its diſpoſition than can 
poſſibly be given by the moſt laboured deſctiption,—T. 


470 : EU ECT 


by water will remain in the firſt bots, and 
thoſe which cauſtic alkali can abſorb will re- 
main in the others; while fuch gaſſes as are 
not ſuſceptible of abſorption, either by water or 
alkalies, will eſcape by the tube RM, at the end 
of which they may be received into jars in a 
pneumato- chemical apparatus. The carbon and 
fixed earth, &c. which form the ſubſtance or re- 
fiduum, anciently called caput nen remain 
behind 1 in the retort. | 

In this manner of operating, we . th 
4 very material proof of the accuracy of the 
analyſis, as the whole weights of the products 
taken together, after the proceſs is finiſhed, 
muſt be exactly equal to the weight of the ori- 
ginal ſubſtance ſubmitted to diſtillation. Hence, 
for inſtance, if we have operated upon eight 
_ ounces of ſtarch or gum arabic, the weight of 
the charry reſiduum in the retort, together with 
that of all the products gathered in its neck and 
the balloon, and of all the gas received into the 
jars by the tube RM added to the additional 
weight acquired by the bottles, muſt, when ta- 
ken together, be exactly eight ounces. If the 
product be leſs or more, it proceeds from er- 
ror, and the experiment muſt be repeated until 
a ſatisfactory reſult be procured, which ought 
not to differ more than ſix or eight grains in the 
pound from the weight of the. TOONS ſub- 


mitted to experiment. 
In 
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In experiments of this kind, I for a long time 
met with an almoſt inſurmountable difficulty, 
which muſt at laſt have obliged me to deſiſt alto- 
gether, but for a very ſimple method of avoid- 
ing it, pointed out to me by Mr Haſſenfratz. 
The ſmalleſt diminution in the heat of the fur- 
nace, and many other circumſtances inſeparable 
from this kind of experiments, cauſe frequent 
reabſorptions of gas; when this occurs, the water 
in the ciſtern of the pneumato-chemical appara- 
tus ruſhes into the laſt bottle through the tube 
RM ; the fame circumſtance happens from one 
bottle into another, and the fluid is often forced 
even into the recipient C. This accident is pre- 
vented by ufing bottles having three necks, as 
repreſented in the plate, into one of which, in 
each bottle, a capillary glaſs-tube St, s, gt, It, is 
adapted, ſo as to have its lower extremity : im- 
merſed in the liquor. If any abſorption takes 
place, either in the retort, or in any of the bot- 
tles, a ſufficient quantity of external air enters, 
by means of theſe tubes, to fill up the void ; and 
we get rid of the inconvenience at the price of 
having a ſmall portion of common air mixed with 
the products of the experiment, which is there- 
by prevented from failing altogether. Though 
theſe tubes admit the external air, they cannot 
permit any of the gaſſeous ſubſtances to eſcape, 
as they are always ſhut below BAY the water of 
the bottles. . 

S It 
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It is evident that, in the courſe of experi- 
ments with tliis apparatus, the liquor of the bot- 
tles muſt riſe in theſe tubes in proportion to the 
preſſure ſuſtained by the gas or air contained in 
the bottles; and this preſſure is determined by 
the height and gravity of the column of fluid 
cContained in all the ſubſequent bottles. If we 
ſuppoſe that each bottle contains three inches 
of fluid, and that there are three inches of wa- 
ter in the ciſtern of the connected apparatus a- 
bove the orifice of the tube RM, and allowing 
the gravity of the fluids to be only equal to that 
of water, it follows that the air in the firſt 
bottle muſt ſuſtain a preſſure equal to twelve 
inches of water; the water muſt therefore riſe 
twelve inches in the tube 8, connected with the 
firſt bottle, nine inches in that belonging to the 
ſecond, ſix inches in the third, and three in the 
laſt; wherefore theſe tubes muſt he made ſome- 
what more than twelve, nine, ſix, and three 
inches long reſpectively, allowance being made 
for oſeillatory motions, which often take place 
in the liquids. It is ſometimes neceſſary to in- 
troduce a ſimilar tube between the retort and 
recipient; and as the tube is not immerſed in 


fluid at its lower extremity, until ſome has col- 


. lected. i in the progreſs of the diſtillation, its up- 
= per end muſt be ſhut at firſt with a little lute, ſo 
as to be opened according to neceſſity, or after 

| I there 
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there 1s ſufficient liquid in the recipient to ſe- 
cure its lower extremity. | 

This apparatus cannot be uſed in very accu- 
rate experiments, when the ſubſtances intended 
to be operated upon have a very rapid action 
upon each other, or when one of them can on- 
ly be introduced in ſmall ſucceſſive portions, as 
in ſuch as produce violent efferveſcence when 
mixed together. In ſuch caſes, we employ a 
tubulated retort A, Pl. VII. Fig. x. into which 
one of the ſubſtances is introduced, preferring 
always the ſolid body, if any ſuch is to be treat- 
ed, we then Jute to the opening of the retort a 
bent tube BCDA, terminating at its upper ex- 
tremity B in a funnel, and at its other end A in 
a capillary opening. The fluid material of the 
experiment 1s poured into the retort by means 
of this funnel, which muſt be made of ſuch a 
length, from B to C, that the column of liquid 
introduced may counterbalance the reſiſtance. 
produced by the liquors contained in all * 
bottles, Pl. IV. Fig. 1. 

Thoſe who have not been accuſtomed to th 
the above deſcribed diſtilling apparatus, may 
perhaps be ſtartled at the great number of open- 
ings which require luting, and the time neceſ- 
ſary for making all the previous preparations in 
experiments of this kind. It is very true thar, 
if we take into account all the neceſſary weigh- 
ings of materials and products, both before and 

| after 
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after the experiments, theſe preparatory and ſuc- 
ceeding ſteps require much more time and atten- 
tion than the experiment itſelf. But, when the 
experiment ſucceeds properly, we are well re- 
warded for all the time and trouble beſtowed, as, 
by one proceſs carried on in this accurate man- 
ner, mach more juſt and extenſive knowledge is 
acquired, of the nature of the vegetable or ani- 
mal ſubſtance thus ſubmitted to inveſtigation, 
than by many weeks aſſiduous labour in the or- 
dinary method of proceeding. 
When in want of bottles with three orifices, 
| thoſe with two may be uſed ; it is even poſſible 
to introduce all the three tubes at one opening, 
| ſo as to employ ordinary wide-mouthed bottles, 
provided the opening be ſufficiently large. In 
this caſe we muſt carefully fit the bottles with 
corks very accurately cut, and boiled in a mix- 
ture of oil, wax, and turpentine. Theſe corks 
are pierced with the neceſſary holes for receiving 
the tubes, by means of a round 588 as in Pl. IV. 
Fig. 8. 1 | 
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Of Metallic Difſolutions. 


I have already pointed out the difference be. 
tween ſolution of falts in water and metallic dif- 
folutions. The former requires no particular 
veſſels, whereas the latter requires very compli. 
cated veſſels of late invention, that we may not 
loſe any of the products of the experiment, and 
may thereby procure truly concluſive reſults of 
the phenomena which occur. The metals, in 
general, diffolve in acids with efferveſcence, 
which is only a motion excited in the ſolvent by 
the diſengagetnent of a great number of bubbles 
of air or aëriform fluid, which proceed from the 
ſurface of the metal, and n at the N of 
the liquid. | 

Mr Cavendiſh * Dr Prieftly were the fic 
mventors of a proper apparatus for collecting 
theſe elaſtic fluids. That of Dr Prieſtly is 
extremely ſimple, and confiſts of a bottle A, 
Pl. VII. Fig. 2. with its cork B, through which 
paſſes the bent glaſs tube BC, which is engaged 
under a jar filled with water in the pneumato- 
chemical apparatus, or fimply in a baſon full of 
water. The metal is firſt introduced into the 
1 : bottle, 
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bottle, the acid is then poured over it, and tlie 


bottle is inſtantly cloſed with its cork and tube, 
as repreſented in the -plate. But this apparatus 


haas its inconveniencies. When the acid is much 


*concentrated, or the metal much divided, the ef- 
ferveſcence begins before we have time to cork 


the bottle properly, and ſome gas eſcapes, by 


which we are prevented from afcertaining the 
quantity diſengaged with rigorous exactneſs. In 
the next place, when we are obliged to employ 
heat, or when heat is produced by the proceſs, 
a part of the acid diſtils, and mixes with the wa- 
ter of the pneumato- chemical apparatus, by which 
means we are deceived in our calculation of the 
quantity of acid decompoſed. Beſides theſe, 


the water in the ciſtern of the apparatus abſorbs 
all the gas produced which is ſuſceptible of ab- 


ſorption, and renders it impoſſible to collect theſe 


without loſs. 
To remedy theſe inconveniencies, I at firſt 


uſed a bottle with two necks, Pl. VII. Fig. 3. in- 
to one of which the glaſs funnel B C is luted ſo 


as to prevent any air eſcaping; a glaſs rod DE 
is fitted with emery to the funnel, ſo as to ſerve 


the purpoſe of a ſtopper. When it is uſed, the 
matter to be diſſolved is firſt introduced into the 
bottle, and the acid is then permitted to paſs in 


as ſlowly as we pleaſe, by raiſing the glaſs rod 
gently as often as is neceſſury until ſaturation is 


1 
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Another method has been ſince employed, 
which ſerves the ſame purpoſe, and is prefer- 
able to the laſt deſcribed in ſome inſtances. This 
conſiſts in adapting to one of the mouths of the 
bottle A, Pl. VII. Fig. 4. a bent tube DEF G, 
having a capillary opening at D, and ending in 
a funnel at G. This tube is ſecurely luted to 

the mouth C of the bottle. When any liquid 
is poured into the funnel, it falls down to F; 
and, if a ſufficient quantity be added, it paſſes 
by the curvature E, and falls ſlowly into the 
bottle, ſo long as freſh liquor is ſupplied at the 
funnel. The liquor can never be forced out of 
the tube, and no gas can eſcape through it, be- 
cauſe the weight of the liquid ſerves the purpoſe 
of an accurate cork. 

Io0o prevent any diſtillation of acid, eſpecially 
in diſſolutions accompanied with heat, this tube 
is adapted to the retort A, Pl. VII. Fig. 1. and 
a ſmall tubulated recipient, M, is applied, in 
which any liquor which may diſtil is condenſed. 
On purpoſe to ſeparate any gas that is abſorb- 
able by water, we add the double necked bot- 
tle L, half filled with a ſolution: of cauſtic pot- 
aſh: the alkali abſorbs any carbonic acid gas, 
and uſually only one or two other gaſſes paſs 
into the jar of the connected pneumato- chemi- 
cal apparatus through the tube NO. In the 
firſt chapter of this third part we have directed 
how theſe are to be ſeparated and examined. . 

If 
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If one bottle of alkaline. ſolution be not thought 
ſufficient, two, three, or more, may be added. 


PACT. 


Apparatur neceſſary in Experiments upon Vinous 
and Putrefattive Fermentations. Y 


| For theſe operations a peculiar apparatus, 
eſpecially intended for this kind of experiment, 
is requiſite. The one I am about to deſcribe is 
finally adopted, as the beſt calculated for the 
purpoſe, after numerous corrections andjimprove- 
ments. It conſiſts of a large matraſs, A, Pl. X. 
Fig. 1. holding about twelve pints, with a cap of 
braſs ab, ſtrongly cemented to its mouth, and 
into which is ſcrewed a bent tube cd, furniſhed 
with a ſtop-cock e. To this tube is joined the 
| glaſs recipient B, having three openings, one of 
which communicates with the bottle C, placed 
below it. To the poſterior opening of this re- 


— eipient is fitted a glaſs tube g h i, cemented at g 


and i to collets of braſs, and intended to contain 
a very deliqueſcent concrete neutral falt, ſuch 
as nitrat or muriat of lime, acetite of potaſh, &c. 
This tube communicates with two bottles D 
and E, filled to x and y with a x Talution of cauſtic 


taſh. 
f 4 All 
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All the parts of this machine are joined toge- 
ther by accurate ſcrews, and the touching parts 
have greaſed leather interpoſed, to prevent any 
paſſage of air. Each piece is likewiſe furniſhed 
with two ſtop-cacks, by which its two extremi- 
ties may he cloſed, fo that we can weigh each ſe- 
parately at any period of the operation. 

The fermentable matter, ſuch as ſugar, with 
a proper quantity of yeaſt, and diluted with wa- 
ter, is put into the matraſs. Sometimes, when 
the fermentation is too rapid, a copſiderable 
quantity of froth is produced, which not only 
fills the neck of the matraſs, but paſſes into the 
recipient, and from thence runs down into the 
bottle C. On purpoſe to collect this ſcum and 
muſt, and to prevent it from reaching the tube 
filled with deliqueſcent ſalts, the recipient and 
connected bottle are made of . capa- 
HF: 55 ow 14 

In the vinous fermentation, anks corkiinks 
acid gas is diſengaged, carrying with it a ſmall 

proportion of water in ſolution. A great part 
of this water is depoſited in paſſing through the 
tube g h i, which is filled with a deliqueſcent 
ſalt in groſs. powder, and the quantity is aſcer- 
tained by the augmentation of the weight of the 
alt. The carbonic acid gas bubbles up through 
the alkaline ſolution in the bottle D, to which 
it is conveyed by the tube Im. Any ſmall 
portion * may not be abſorbed by this 
firſt 
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firſt bottle is ſecured by the ſolution in the ſe- 
cond bottle E, ſo that nothing, in general, paſſes 
into the jar F, except the common air contained 
in the veſſels at the commencement oe! the expe- 
riment. - / | 

The fame apparatus anſwers extremely well 
for experiments upon the putrefactive fermen- 
tation; but, in this caſe a conſiderable quantity 
of hydrogen gas is diſengaged through the tube 
qritu, by which it is conveyed into the jar F; 
and, as this diſengagement is very rapid, eſpe- 
cially in ſummer, the jar muſt be frequently 
changed. Theſe putrefactive fermentations re- 
quire conſtant attendance from the above circum- 
ſtance, whereas the vinous fermentation hardly 
- needs any. . By means of this apparatus we can 
aſcertain, with great preciſion, the weights of the 
ſubſtances ſubmitted to fermentation, and. of the 
liquid and atriform products which are diſenga- 
ged. :What has been already ſaid in Part I. 
Chap. XIII. upon the products of the vinous 
en, 2800 * W 


Fl 
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SECT. Iv. 
Apparatur. for the Decompoſition of Water. 


Having already given an account, in the firſt 
part of this work, of the experiments relative 
to the decompoſition of water, I ſhall avoid any 
unneceſſary repetitions, and only give a few 
ſummary obſervations upon the ſubject in this 
ſection. The principal ſubſtances which have 
the power of decompoſing water, are iron and 
charcoal; for which purpoſe, they require to 
be made red hot, otherwiſe the water is only re- 
duced into vapour, and condenſes afterwards by 
refrigeration, without ſuſtaining the ſmalleſt al- 
teration. In a red heat, on the contrary, iron 
or charcoal carry off the oxygen from its union 
with hydrogen; in the firſt caſe, black oxyd of 
iron is produced, and the hydrogen is diſengaged 
pure in form of gas; in the other caſe, carbonic 
acid gas is formed, which diſengages, mixed with 
the hydrogen gas, and this latter is commonly 
carbonated, or holds carbon in ſolution. | 

A muſket-barrel, without its breach pin, an- 
ſwers exceedingly well for the decompoſition of 
water, by means of iron, and one ſhould be 

„ cChoſen 
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choſen of conſiderable length, and pretty ſtrong, 
When too ſhort, ſo as to run the riſk of heating 
the lute too much, a tube of copper muſt be 
| ftrong]y | ſoldered to one end. The barrel is pla- 
ced in a long furnace, CDEF, Pl. VII. Fig, 11. 
ſo as to have a few degrees of inclination from E 
toF; a glaſs retort A, is luted to the upper ex- 
tremity E, which contains water, and is placed 
upon the fs VVXX. The lower extremi- 
ty F is luted to a worm SS, which is connected 
with the tubulated bottle H, in which any water 
diſtilled without decompoſition, during the ope- 
Tation, collects, and the diſengaged gas is carried 
by the tube KK to jars in a pneumato- chemical 
apparatus. Inſtead of the retort; a funnel may be 
employed, having its lower part ſhut by a ſtop- 
cock, through which the water is allowed to 
drop gradually into the gun-barrel. Immediately 
upon getting into contact with the heated part of 
the iron, the water is converted into ſtearn, and 
the experiment proceeds in the ſame manner as 
if it were furniſhed in vapours from the retort. 
In the experiment made by Mr Meuſnier and 
me before a committee of the Academy, we uſed 
5 every precaution 1 to obtain the greateſt poſlible 
reciſion in the reſult of our experiment, having 
even exhauſted all the veſſels employed before we 
began, ſo that the hydrogen. gas obtained might 
pe free from any mixture of azotic gas. The re- 
eee e e ee e ee 
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ſults of that experiment will hereafter be given 
at large in a particular memoir. 

In numerous experiments, we are obliged to 
uſe tubes of glaſs, porcelain, or copper, inſtead 
of gun-barrels ; but glaſs has the diſadvantage of 
being eaſily melted and flattened, if the heat 
be in the ſmalleſt degree raiſed too high; and 
porcelain, is moſtly full of ſmall minute pores, 
through which the gas eſcapes, eſpecially when 
compreſſed by a column of water, For theſe 
reaſons I procured a tube of þraſs, which Mr de 
la Briche got caſt and bored out of the ſolid for 
me at Straſburg, under his own inſpection. This 
tube is extremely convenient for decompoſing 
| alkohol, which reſolves into carbon, carbonic 
acid gas, and hydrogen gas ; it may likewiſe be 
uſed with the ſame advantage for decompoſing 
water by means of charcoal, and in a great num- 
per of experiments of this nature. 


Hh. HAP. 
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CHAP. VIL. 


Of the Compoſition and Application of Lutes. 


7 . 
* - 
> 
» 


HE neceſſity of properly ſecuring the junc- 

_ tures of chemical veſſels, to prevent the 
eſcape of any of the products of experiments, 
muſt be ſufficiently apparent; for this purpoſe 
lutes are employed, which ought to be of ſuch a 
nature as to be equally impenetrable to the moſt 
ſubtile ſubſtances as glaſs itſelf, through which 
only caloric can eſcape. | 
This firſt object of lutes is very well accom- 
pliſnhed by bees wax, melted with about an eighth 
part of turpentine. This late is very eaſily ma- 
naged, ſticks very cloſely to glaſs, and is very 
difficultly penetrable ; it may be rendered more 
conſiſtent, and leſs or more hard or pliable, by ad- 
ding different kinds of refinous matters. Though 
this ſpecies of lute anſwers extremely well for 
retaining gaſſes and vapours, there are many che- 
mical experiments which produce confiderable 
heat, by which this lute becomes liquified, and 
conſequently the expanſive vapours muſt very 


readily force through and eſcape, 
OR For 
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For ſuch caſes, the following fat Jute is the 
beſt hitherto diſcovered, though not without its 
diſadvantages, which ſhall be pointed out, Take 
very pure and dry unbaked clay, reduced to a 
fine powder, put this into a braſs mortar, and 
beat it for ſeveral hours with a heavy iron peſtle, 
dropping in ſlowly ſome boiled lintſeed oil; this 
is oil which has been oxygenated, and has ac- 
_ quired a drying quality, by being boiled with 
litharge. This lute is more tenacious, and ap- 
plies better, if amher varniſh be uſed inſtead of 
the above oil. To make this varniſh, melt ſome 
yellow amber in an iron laddle, by which opera- 
tion it loſes a part of its ſuccinic acid, and eſſen- 
tial oil, and mix it with lintſeed oil. Though 
the lute prepared with this varniſh is better than 
that made with boiled oil, yet, as its additional 
_ expence is hardly compenſated by its n 
quality, it is ſeldom uſed. 

The above fat lute is capable of a a 
very violent degree of heat, is impenetrable by 
acids and ſpiritous liquors, and adheres exceed- 
ingly well to metals, ſtone-ware, or glaſs, provi- 
ding they have been previouſly rendered per- 
fectly dry. But if, unfortunately, any of the 
liquor in the courſe of an experiment gets 
through, either between the glaſs and the lute, 
or between the layers of the lute itſelf, ſo as to 
moiſten the part, it is extremely difficult to cloſe 

„ ka the 
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the opening. This is the chief inconvenience 
which attends the uſe of fat lute, and perhaps 
the only one it is ſubject to. As it is apt to ſof- 
ten by heat, we muſt ſurround all the junctures 
with ſlips of wet bladder applied over the luting, 
and fixed on by pack- thread tied round both 
above and below the joint; the bladder, and con- 
ſequently the lute below, muſt be farther ſecu- 
red by a number of turns of pack- thread all over 
it. By theſe precautions, we are free from every 
danger of accident; and the junctures ſecured 
in this manner may be confidered, in experi- 
A rafe as hermetically ſealed, 7 
It frequently happens that the figure of the 
junctures prevents the application of ligatures, 
which is the caſe with the three-necked bottles 
formerly deſeribed; and it even requires great 
addreſs to apply the twine without ſhaking the 
apparatus; ſo that, where a number of junctures 
require luting, we are apt to diſplace ſeveral, 
while ſecuring one. In theſe cafes, we may ſub- 
ſtitute flips of linen, ſpread with white of egg 
and lime mixed together, inſtead of the wet 
bladder. Theſe are applied while ſtill moiſt, 
and very ſpeedily dry and acquire conſiderable 


ö hardneſs. Strong glue diſſolved in water may 


anſwer inſtead of white of egg. ; [Theſe fillets 
are uſefully applied likewiſe over e ed 


woot with wax and foſin. 
| Before 


Bere applying a lute, all the junctures of 
* the veſſels muſt be accurately and firmly fitted 
to each other; ſo as not to admit of being mo- 
ved. If the beak of a retort is to be luted to 
the neck of à recipient; they ought to fit pretty 
accurately; otherwiſe we - muſt fix them by (ins 
troducing ſhort pieces of ſoft wood, or of cork. 
If the diſproportion between the two be very 
conſiderable, we muſt employ a cork which fits 
the neck of the recipient, having a circular hole 
of proper dimenſions to admit the beak'of the 
retort. The ſame precaution is neceſſary in 
adapting bent tubes to the necks. of bottles 
in the apparatus repreſented Pl. IV. Fig. 1. 
and others of a fimilar nature. Each mouth of 
each bottle muſt be fitted with a cork, having a 
hole made ith a round file of a praper fze for 
- eontainipg the tube. And, when one mouth is 
intended to admit two or more tubes, which 
frequenith7 happens when we have not a ſuffi- 
cient\number of bottles with two or threg necks, 
we muſt uſe a cork with two or a 
Pl. IV. Figl 8. Sit EAT en 34 
When the whole lebens is 1 hal c 
Joined, ſo that no part oan play upon another, 
we begin to lute. The Jute is foftened by 
kneading and rolling it between the fingers; 
with the gaſſiſtance of heat, if neceſſary. It is 
rolled into little cylindrical pieces, and applied 
N junctures, taking great care to make it 
H h4 . apply 
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apply cloſe, and adhere firmly, in every part”; a 
ſecond. roll is applied over the firſt, ſo as to paſs , 
it on each fide, and ſo on till each juncture be 
ſufficiently covered ; after this, the' ſlips of blad- 
der, or of linen, as above directed, muſt be care- 
fully applied over all. Though this operation 
may appear extremely ſimple, yet it requires pe- 
cular delicacy and management; great care muſt 
be taken not to diſturb one juncture whilſt lu- 
ting another, and more eſpecially when a applying 
the fillets and ligatures.- 

Before beginning any experiment, ae oe 
nos of the luting ought always to be previouſly 
tried, either by ſlightly heating the; retort, A. 
Pl. IV. Fig. 1. or:by blowing im a little: air by 
ſome of the perpendicular tubes S 2771 the al- 
teration of preſſure cauſes a change in the level 
of the liquid in theſe tubes. If the apparatus 
be accurately luted, this alteration of level will 
be permanent; whereas, if there be the ſmalleſt 
opening in any of the junctures, the liquid will 
very ſoon recover its former level. It muſt al- 
ways be remembered, that the whole ſucceſs of 
experiments in modern chemiſtry depends upon 
the exactneſs of this operation, which therefore 
requires the utmoſt PS, ANG e 
Eh ee n 
It would be of infivite ſervice to — 5 * 


1 wills, eſpecially thoſe who are engaged in pneu- 


matic proceſſes, to diſpenſe with the uſe of lutes, 


* 4 5 q * +» ww <4 1 
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or at leaſt to diminiſn the number neceſſary in 
eomplicated inſtruments. I once thought of 
having my apparatus conſtructed ſo as to unite 
in all its parts by fitting with emery, in the way 
of bottles with cryſtal toppers; but the execu- 
tion of this plan was extremely difficult. I have 
ſince thought it preferable to ſubſtitute columns 


of a few lines of mercury in place of lutes, and 


have got an apparatus conſtructed upon this 
principle, which appears capable of very conve- 
nient + eng in a n os . circum- 
ſtances: 7 ©; : 

It conſiſts of a double norkies bottle * PL XII. 
Fig. 12.; the interior neck bc communicates 
with the inſide of the bottle, and the exte- 
. rior neck or rim de leaves an interval between 
the two necks, forming a deep gutter intended 
to contain the mercury. The cap or lid of 
glaſs B enters this gutter and is properly fitted 
to it, having notches in its lower edge for the 
paſſage of the tubes which convey the gas. 
Theſe tubes, inſtead of entering directly into 
the bottles as in the ordinary-apparatus, have a 
double bend for making-them enter the gutter, 
as repreſented in Fig. 13. and for making them 
fit the notches of the cap B; they riſe again 
from the gutter to enter the inſide of the bottle 
over the border of the 1 inner mouth. When the 
tubes are diſpoſed in their proper places, and 
the cap firmly fitted. on, the gutter 1s filled with 

3 | mercury, 


merenty, by which: means the bottle is dam. 
pletely excluded from any communication, ex- 
cepting through the tubes. This apparatus may 
be very convenient in many operations in which 
the ſubſtances' employed have: no action upon 
mercury. Pl. XII. Fig. 14. repreſents an appa« 


ratus upon this e properly fitted toge- 


ther. 14) 
Mr Seguin, to 66 ative: and iothlligent 
aſſiſtance I have been very frequently much in. 
debted, has beſpoken for me, at the glatz-houſes, 


; WH 


ſome retorts hermetically united to their veci- 


pients, by WO _ will *. ee unnie- 
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CHAP. VIII. 


27 Operations upon Combuſtion and Deflagration. 


Sgr. XL 


of Combuſtion in General. 


"NY OMBUSTION, according to what has 
been already ſaid in the Firſt Part of this 
Work, is the decompoſition of oxygen gas pro- 
duced by a combuſtible body. The oxygen 
which forms the baſe of this gas is abſorbed by, 
and enters itito combination with, the burning 
body, while the caloric and light are ſet free. 
Every combuſtion, therefore, neceſſarily ſuppo- 
ſes oxygenation; whereas, on the contrary, 
every oxygenation does not neceſſarily imply 
concomitant combuſtion; becauſe combuſtion, 
properly ſo called, cannot take place without 
diſengagement of caloric and light. Before 
combuſtion can take place, it is neceſſary that 
the bale of en gas mould have greater affi- 
„ | _> 
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nity to the combuſtible body than it has to ca- 
loric ; and this elective attraction, to uſe Berg- 
man's expreſſion, can only take place at a certain 
degree of temperature, which is different for each 
combuſtible ſubſtance; hence the neceſſity of gi- 
ving a firſt motion or beginning to every com- 
buſtion by the approach of a heated body. This 
neceſſity of heating any body we mean to burn 
depends upon certain conſiderations, which have 
not bitherto been attended to by any natural 
philoſopher, wherefore I ſhall enlarge a little 
upon the ſubject in this place. 

Nature is at preſent in a ſtate of equilibrium, 
which cannot have been attained until all the 
ſpontaneous combuſtions or oxygenations poſ- 
ſible in the ordinary degrees of temperature had 
taken place. Hence, no new combuſtions or 
oxygenations can happen without deſtroying 
this equilibrium, and raiſing the combuſtible 
ſubſtances to a ſuperior degree of temperature. 
i To illuſtrate this abſtract view of the matter by 

example : Let us ſuppoſe the uſual temperature 
of the earth a little changed, and that it were 
' raiſed only to the degree of boiling water ; it is 
i evident, that, in this caſe, phoſphorus, which is 
combuſtible in a conſiderably lower degree of 


temperature, would no longer exiſt in nature in 


its pure and ſimple ſtate, but would always be 
procured in its acid or oxygenated ſtate, and its 

radical would become one of the ſubſtances un- 
1 | known 
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known to chemiſtry. By gradually increaſing 
the temperature of the earth .the ſame circum- 
ſtance would ſucceſſively happen to all the bo- 
dies capable of combuſtion ; and, at laſt, every 
poſſible combuſtion having taken place, there 
would no longer exiſt any combuſtible body 
whatever, as every ſubſtance ſuſceptible of that 
operation would be 8 and conſequent- 
ly .incombuſtible. 
There cannot therefore exiſt, 0 far as relates 
to us, any combuſtible body, except ſuch as are 
incombuſtible in the ordinary temperatures of 
the earth; or, what is the ſame thing, in other 
words, that it is eſſential to the nature of every 
combuſtible body, nat to poſſeſs the property of 
combuſtion, unleſs heated, or raiſed to the de- 
gree of temperature at which its combuſtion na- 
turally takes place. When this degree is once 
produced, combuſtion commences, and the calo- 
ric which is diſengaged by the decompoſition of 
the oxygen gas, keeps up the temperature ne- 
ceſſary for continuing combuſtion. . When this 
is not the caſe, that is, when the diſengaged ca- 
loric i is inſufficient for keeping up the neceſſary 
temperature, the combuſtion ceaſes : This.cir- 
cumſtance is expreſſed in common language 
by ſaying, that a body burns ill, or with n difi. 
culty. oh 
| Although, « nba e poſſeſſes #28 circum- 
ances | in common with diſtillation, eſpecially 


of wi: 
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with the compound kind of that operation, they 
differ in a very material point. In diſtillation 
there is a ſeparation of one part of the elements 
of the ſubſtance from each other, and a conſequent 
combination of theſe, in a new order, occaſioned 


| by the affinities which take place in the increaſed 


temperature produced during diſtillation : This 
like wiſe happens in combuſtion, but with this 
farther circumſtance, that a new element, not 
originally in the body, is brought into action; 
oxygen is added to the fubſtance ſubmitted to 
the operation, and caloric is diſengaged. 
The neceflity of employing oxygen in the 
ſtate of gas in all experiments with combuſtion, 


and the rigorous determination of the quanti- 


ties employed, render this kind of operations 
peculiarly troubleſome. As almaſt all the pro- 
Aducks of combuſtion are diſengaged in the ſtate 
of gas, it is ſtill more difficult to retain them 
than even thoſe furniſhed during compound dif. 
tillation; hence this precaution was entirely ne- 


glecked by the ancient chemiſts ; and this ſet of 


experiments exclufively belongs to N che- 

: miſtry. hs, 

f Having thus pointed ont, ina gelten way, 
the objects to be had in view in experiments 

upon combuſtion, I proceed, in the following 

ſections of this chapter, to deſcribe the different 

inſtruments 1 have uſed with this view. The 


following 9 i formed, not upon the 
| nature 
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nature of the combuſtible: bodies, but upon that 
of the inſtruments neceſſary for combuſtion,] 


BEGS. .. 


In theſe combuſtions we begin by Sling a jar, 
823815 at leaſt of holding fix pints, with or. 
gen gas in the water apparatus, Pl. V. Fig. 4. 
u ben it is perfectly full, ſo that tlie gas begins 7 
to flow out below, the jar A is carried to the 
mercury apparatus, Pl. IV. Fig. 3z. We then 
dry the furface of the mercusy, both within and 
without the jar, by means of blotting- paper, ta- 
king care to keep the paper for ſome time en- 
tirely immerſed in the mercury before it is in- 
ttoduced under the jar, leſt we let in any com- 
mom air, which ſticks very obſtinately to the 
ſurface of the paper. The body to be ſubmit- 
ted to combuſtion, being firſt very accurately 
weighed in nice ſcales, is placed in a ſmall flat 


ſhallow diſh, D, of iron or porcelain z this is 


covered by the larger eup P, which ſerves the 
office of a diving-bell, and the whole is paſſed. 
| through the mereury into the jar, after which 
the larger cup is reured. The difficulty of paſ- 
ag thę materials of combuſtion 1 in this manner 
| | through 
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through the mercury may be avoided by raifing 
one of the ſides of the jar, A, for a moment, 
and ſlipping in the little cup, D, with the com- 
buſtible body, as quickly as poſſible. In this 
manner of operating, a ſmall quantity of com- 
mon air gets into the jar, but it is ſo very in- 
confiderable as not to injure either the progreſs 
or accuracy of the EAR in ns ſenſible 
degree. 

When the. cup, D, is iel under the 
jar, we ſuck out a part of the oxygen gas, ſo as 
to raiſe the mercury to E F, as formerly directed, 
Part I. Chap. V. otherwiſe when the combuſ- 
tible body is ſet on fire, the gas becoming di- 
lated would be in part forced out, and we ſhould 
no longer be able to make any accurate calcu- 
lation of the quantities before and after the ex- 
| periment. A very convenient mode of .draw- 
ing out the air is by means of an air - pump ſy- 
ringe adapted to the ſyphon, G HI, by which 

the mercury may be raiſed to any degree under 


twenty- eight inches. Very inflammable bodies, 


as phoſphorus, are ſet on fire by means of the 
crooked iron wire, MN, Pl. IV. Fig. 16. made 
red hot, and paſſed quickly through the mercu- 
ry. Such as are leſs eaſily ſet on fire have a 
ſmall portion of tinder, upon which a minute 
particle of phoſphorus is W 358 upon * | 
before, UE; the red hot i iros 


| In 


7 
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fa the firſt moment of combuſtion the air, be- 
ing heated, rafifies, and the mercury deſcends ; 
but when, as in combuſtions of phoſphorus ' and 
iron, no elaſtic fluid is formed, abſorption be- 
comes preſeritly very ſenfible; and the mercury 
riſes high into the jar. Great attention muſt be 
uſed riot to burn too large a quantity of any ſub- 
| ſtance in a given quantity of gas; otherwiſe, to- 
wards the end of the experiment, the cup would 
approach ſo near the top of the jar as to etidan< 


5 ger breaking it, by the great heat produced, and 


the ſudden refrigeration from the cold mercury. 
For the methods of meaſuring the volume of the 
gaſſes, and for correcting the meaſures according 
to the heiglit of tlie barometer and thermometer, 
&c. ſee Chap. II. Sed: V. and VI. of this Part. 
The above proceſs anſwers very well for batti- 
ing all the coticrete ſubſtances, and even for the 
fixed oils: Theſe laſt are burnt in latips under 
the jar, and are readily ſet on fire by means of 
tinder, phoſphorns, and hot iron. But it is dart- 
gerous for ſubſtances ſuſceptible of evapotiting 
in a moderate heat, ſuch as ether, alkohol, and 
the eſſential oils; theſe fubſtances diſſolve it con- 
fiderable Sat in oxygen gas; and; when ſet 
on fire, a dangerous and ſudden exptolich takes S 
place, which forces up che jar to a greut height, 
and *daſhes' it! In a thouſand pieces. From the 
: 7 of two fuch exploſions ſome of the mem- 
by Is Ii | 2 | bers 
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bers of the Academy and myſelf eſcaped very 
narrowly. Beſides, though this manner of ope- 
rating is ſufficient for determining pretty accu- 
rately the quantity of oxygen gas abſorbed, and 
of carbonic acid. produced, yet as water is likewiſe 
formed in all experiments upon vegetable and 
animal matters which contain an exceſs of hydro- 
gen, this apparatus can neither collect it, nor de. 
termine its quantity. The experiment with Phoſ- 
phorus is even incomplete in this way, as it is im- 
poſſible to demonſtrate. that the weight of the 
Phoſphoric, acid produced is equal to the ſum of 
the weights of the phoſphorus burnt and of oxy- 
gen gas abſorbed during the proceſs: I have been, 
therefore, obliged to vary the inſtruments accord- 
ing pocirgpmſtancey,aod, to employ. ſeveral of dit 


4 


| beginning with that uſed for inal e dm 
Take a large balloon A, Pl. IV. Fig. 4. of cry- 
ſtal or White glaſs, with an opening, EF, about 
two inches and a half, or three inches, diame- 


1 ter, to which a cap of braſs, is accurately fitted 


with emery, and which has two holes for the 
paſſage of the tubes x & A, Y y. Before ſhutting 
the balloon with its cover, place are 
| ſtand, BO, ſupporting the cup of porcelain, D, 
which contains the pheſphorus. Then lute * | 
the cap. with fat Jute, and allow it to dry for 
ſome days, and ade the whole accurately ; - 
„353 "2 | after 
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after this exhauſt the balloon by means of an 
air-· pump connected with the tube x x x, and fill 
it with oxygen gas by the tube y y 7; from the 
gazometer, Pl. VIII. Fig. 1. deſcribed Chap. II. 
Sect. II. of this Part. The Phoſphorus is then 
ſet on fire by means of a burning - glaſs, and is al- 
lowed to burn till the cloud of concrete phoſpho- 
ric acid ſtops the combuſtion; oxygen gas being 
continually ſupplied from the gazometer. When 
the apparatus has cooled, it is weighed and un- 
luted; the tare of the inſtrument being allowed, 
the weight is that of the phoſphoric acid contain- 
ed. It is proper, for greater accuracy, to exa- 
mine the air or gas contained in the balloon after 
combuſtion, as it may happen to be ſomewhat 
heavier or lighter than common air; and this 
difference of weight muſt be taken into account 
in the calculations r 3 the expe - 
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The 3 bare pied tor this pro- 
teſs conſiſts of a ſmall conical furnace of ham- 
mered.copper; repreſented in perſpective Fl. &II. 

Fig. 91 and ae diſplayed Fig. 4 At is 


gb 112 ivided 
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divided into the furnace, ABC, where the char. 
coul is burnt, the grate; d e, and the aſh-hole, 
F; the tube, GH, in the middle of the dome 
of the furnace, ſerves to introduce the charcoal, 
and as a chimney for carrying off the air which 
has ſerved for combuſtion. - Through the tube, 
Inn, which communicates with the gazometer, 
the oxygen gas, or air, intended for ſupporting 
the combuſtion; is conveyed into the aſh- hole, 
F, whence it is forced, by the application of 
preſſure to the gazometer, to paſs through the 
grate, d e, and to blow upon the W char- 
coal placed immediately ay 1 9 9 1 1 
Oxygen gas, which forms 2 parts of atmo- 
_ ſpheric air, — — acid gas du- 
ring eombuſtion with charcoal, while the azotic 
gas of the air is not at all altered. Hence, after 
the combuſtion of charcoal in atmoſpheric. air, 
a mixture of carbonic acid gas and azotic gas 


m.myuuſt remain; to allow this mixture to paſs off, 


the tube, o p, is adapted to the chimney, GH, 
by means of a ſcrew at G, and conveys the gas 

into bottles half filled with ſolution of cauſtic 
potaſn. The carbonic. acid gas is abſorbed by 
the alkali, and the azotic gas is conveyed into 
a ſecond rometer, whety its A ed is 7800 
| rained.” oa 

The weight of dhe Fedde: ABC, is fiſt AC- 
_ euratelydetermined; then tlie tube RS, of known 

_ Toms is introduced by the chimney, GH, till 
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its lower end 8, reſts upon the grate, d e, which 
it occupies entirely ; in the next place, the fur- 
'nace is filled with charcoal, and the whole is 
weighed again,' to know the exact quantity of 
charcoal ſubmitted to experiment. The furnace 
is now put in its place, the tube, / n n, is ſerew- 
ed to that which communicates with the gazome- 
ter, and the tube, o p, to that which communi- 
cates with the bottles of alkaline ſolution. Every 
thing being in readineſs; the ſtop- eoek of the ga- 
-zometer is opened, a ſmall pieee of burning 
charcoal is thrown into the tube, RS, which is 
inſtantly withdrawn, and the tube, o p, is ſerew- 
ed to the ehimney, GH. The little pieee of 
burning charcoal falls upon the grate, and in this 
männer gets below the whole charcoal, and is 
kept on fire by the ſtream of air from the gazo- 
meter. To be certain that the combuſtion is be- 
gun, and that it goes on properly, the tube, q , 
is fixed to the furnace; having a piece of glaſs 
oemented to its upper extremity a, through which 
we can ſee if the charcoal be on fire. 
I üneglected to obſerve above, that the furnace, 
and its appendages; are plunged into water in the 
- ciſtern; TVXY, Fig. 11. Pl. XII. to which ice 
may de added to moderate the heat, if neceſſary; 
though the heat is by no means very eonſider- 
able, as there is noi air ſſupplied but wat comes 
from the gazometer, and no more of the charcoal 
| . 1 3 burns | 


FR 
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burns at one time than what is immediately over 
the grate. 

As one piece of 1 is N ne 
falls down into its place, in conſequence of the 
declivity of the ſides of the furnace; this gets in- 
to the ſtream of air, from the grate, d e, and is 
burnt; and ſo on, ſucceſſively; till the whole 
Charcoal is conſumed.” The air which has ſerved 
the purpoſe of the combuſtion paſſes through the 

maſs of charcoal, and; is forced, by the prefſure 
of the gazometer, to eſcape. through the tube, 
o p, and en r "me :hottias of e 
den. > 9 Y 
This Aperiment e all the; Wan ber 
n for a complete analyſis of atmoſpheric. air 
and of charcoal. | We know the weight of char- 

coal eamſumed; the gazometer gives us the me- 
ſure oi t hie air employed; the quantity and quality 
of gas remaining after combuſtion may be deter- 
mine, as it is received, either | in another gazo- 
5 meter. or in jars; in a pneumato- chemical appa- 

ratus; the. weight of aſhes remaining in the aſh- 
Hole istreadily aſeertained; and finally, the ad- 
aditianal weight acquired by the bottles of alka- 


Une ſohutiom gives the exact quantity of carbonic 


a eid formed during the proceſs. By this experi- 
ment wW-e may like wiſe determine, with ſufficient 
acehracy, the proportions in which carbon and 
1; ode enter into the'>compotition of Earbonuc 
- aged. - 1 

In 
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In a future memoir I ſhall give an account to 
the Academy of a ſeries of experiments I have 
undertaken, with this inſtrument, upon all the 
vegetable and animal charcoals. By ſome very 
light alterations, this machine may be made to 
anſwer for avg the ie rern of 
wh, e 2 


SECT. IV. i ik gp 

OR pe oe rl gg: Bing Fon Bon 
of ie Combuſtion of 0. T 

i. A or 2:11. zation 
ines ep in their unge than 
charcoal,” being formed by the combination of 
at leuſt two elements, carbon and hydrogen; 3 Ok 
oourſe, after their om Buftöon in Sbitibaön air, 
water, carbonic acid gas, and àzotic S8 remain. 
Hence the apparatus employed for their-combuſ- 
tion requires to be adapted for collecting theſe 
three products, and is conſequently mere com- 
3 chan the charoval furnace. Jo file: 
The apparatus 1 employ for this phrpoli is 
eotmpeſed of a large Jar or pitcher R, Pl. XII. 
Fig. 4. ſurrounded at its apper edge by a rim of 
iron properly cemented at DE} and recsdin 
frott the jar at BG, fo as to Ks A Purr% Ur 


2 


güttet x, ſdertecen R and the butllde of dite fer. 
aaintu 7d u of 14 4 10 3199 7. W 
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ſomewhat more than two inches deep. The co. 
ver or lid of the jar, Fig. 5. is likewiſe ſurround. 
ed by an iron rim F, which adjuſts into the 
gutter x &, Fig. 4. which being filled with mer- 
cury, has the effect of clofing the jar hermeti- 
cally in an inſtant, without uſing any lute; and, 
as the gutter will hold about two inches of mer- 
cury, the air in the jar may be made to ſuſtain 
the preſſure of more than two feet of water, 
without danger of its eſcaping. 
The lid has four holes, T Bi &, for the paſſage 
of an equal number of tubes. The opening T 
is furniſhed with a leather box, through which 
paſſes the rod, Fig. 3. intended for raiſing and 
lowering the wick of the lamp, as will be gfter- 
wards; directed. The three other holeg are in- 
tended for the paſſage of three ſeveral tubes; 
one of theſe conveys. the gil, to the lamp, a ſe- 
cond conyeys air for keeping. up the,combul- 
tion, and the third carries aff the air, after it 
bas ſeryed for combuſtion. The lamp inwhich 
| the oil i burnt is repreſented Fig. 2. ; 4 is the 
reſervoir of oil, having à funnel by which it is 
filled 3:4 de b is a ſyphon which conveys. 
| be vile che lamp 17 5: 75 859, 30, is the tube 
Wich Fonyeps. che air for combuſtion from the 
az.ometer; to the ſame lamp. The tube b cis 
ed, externally, at its lower, end B, into a 
* 2 turns in à female Fray in the 


„ 


the 
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the reſervoir one way or the other, it is made to 
rile or fall, by wary the oil 1s "ou at the: nn 


$3 


3 11 118 Ha 1 

When the Gand is to ds filled, Ie a. com- 
munication formed between the reſervoir of oil 
and the lamp, the ſtop- cok c is ſhut, and that 
at e opened; oil is then poured in by the open- 
ing Fat the top of the ſyphon, till it riſes within 
three or fourilines of the upper edge of the lamp, 
after which the ſtop- cock & is ſhut, and that at e 
opened; the oil is next poured in at 7 till the 
branch þ c d of the ſyphon is filled, and then tlie 
ſtop- cock e is cloſed. The two branches of the 
ſyphon being now completely filled, a communi- 
_ cation is fully eſtabliſned mein _ Bal 
And the lamp: e en 

In Pl. XII. Fig. 1. all thel e of the 1 
x1, Fig. 2. are/ repreſented magniſied, to:thew 
them diſtinctly. The tube i carries the oil 
from the reſervoit to the oavity aa a, which 
contains the wiek; the tube 9, 101 brings the air 
from. the ganometer for keeping up the conibuſ- 
tion; this air ſpreads through the cavity a dd d, 
and, by means of the paſſages c ο and ö bib bj 
is diſtributed on each fide of tlie wick, aſter the 
principles of the re by Argand, 
Quinquet, and Lange. Mod 91 + nn 4814 
To render the whole of this complicated ap- 
paratus more eafily underſtood y dnd that its des 
— may make all others of the ſame kind 

more 


* 
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more readily followed, it is repreſented, com. 
pletely connected together for uſe, in Pl. XI. 
The gazometer P furniſhes air for the fcombuſ- 
tion, by the tube and ſtop · cock 1, 2; the tube 
2, 3, communicates with a [ſecond gazometer, 
which is filled while the firſt one is emptying du- 
ring the proceſs, that there may be no interrup- 
tion to the combuſtion; 4, 5, is a tube of glaſs 
filled with deliqueſcent ſalts, for drying the air 
as much as poſſible in its paſſage; and the 
weight of this tube and its contained ſalts, at 
the beginning of the experiment, being known, 
it is eaſy to determine the quantity of water ab- 
ſorbed by them from the air. From this deli- 
queſcent tube the air is conducted through the 
pipe 5, 6, 7, 8, 9, Io, to the lamp I, where it 
ſpreads on both ſides of the wick, as before de- 
ſcribed; and feeds: the flame. One part of this 
air, which ſerves to:keep up the combuſtion. of 
ther oil, forms carbhonic acid igas and water, by 
oxygenating! its: elements. Part of this water 
 conflenſes upon the ſides of the pitcher A, and 
another part is hald in ſolution in the air, by 
means of caloric furniſhed during the combuſtion. 
This air is forced by the compreſſion of the ga · 
zometer to paſs tlirough the tube 12, 13, 14, 
15, into the bottle 16, and the worm 27, 18, 
hebe the water is fully condenſed from the re- 
fuigeration-of the air e ee ſtill re- 
eri Ste „ 30 4: ho Hs „gert cam g main 
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main in” ſolution; it is abſorhed by deliqueſcent. 
ſalts contained in the tube 19, 20. 22 
All. theſe precautions are ſolely intended for 
6 determining the quantity of water 
formed during the experiment; the carbonic acid 
and azotic gas remain to be aſcertained. The 
former is abſorbed by cauſtie alkaline ſolution in 
the bottles 22 and 28. I have only repreſented 
two of theſe in the figure, hut nine at leaſt are 
requiſite; and the laſt of the ſeries may be half 
filled with lime- water, which is the moſt certain 
reagent for indicating the preſence of carbonic 
acid; if the lime: water is not rendered turbid, 
we may be certain that no Lndblechemtir 9 gf 
that acid remains in the air. 
The reſt of the air which has, ſerved for com- 
buſtion, and which chiefly. conſiſts of azotid gas, 
though ſtill mixed with a conſiderable portion 
of oxygen gas, which has eſcaped: unchanged 
from the combuſtion, is earxled through a third 
tube 28, 29, of deliqueſcent ſalts, to deprive it 
of any moiſture it may have acquired in the 
bottles of alkaline ſolution! and lime - water, and 
from thence by the tube 29, 30, into ac! gAT2O- 
meter, where its quantity is; aſcertained; ., Small 
eſſays ark then taken from iti which are expo ſed 
to a ſolution of ſulphuret off pntaſn, to aſeertain 
1 auygen and anoticrgng thc en- 
-tains. .! LINK. A If 101125 „am 5103 bun 


drein the compuſtion.of oils. the. wiok. becomes 
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at laſt charred, and obſtructs the riſe of the oil; 
beſides, if we raiſe the wick above a certain 
Height, more oil riſes through its capillary tubes 
than the ſtream of air is capable of conſuming, 
and ſmoke is produced. Hence is is neceſſary 
to be able to lengthen or ſhorten the wick with- 
out opening the apparatus; this is accompliſh- 
ed by means of the rod 31, 32, 33, 34, which 
Paſſes through : a Tearher! Hog and i is connected 
tion of this 5 dab eee of the wick, 
may be regulated with the utmoſt: ſmoothneſs 
and facility, it is moved at pleaſure by a pinion 
which plays in a toothed” rack. The rod, with 
its appendages, are repreſented Pl. XII. Fig. 3. 
It appeared to me, that the combuſtion would be 
aſſiſted by ſurrounding the flame of the lamp 
with a ſmall glaſs jar open at ee . as re- 
preſented in its place in Pl. XI. 2 
1 ſhall not enter into a more detailed deſert) 
tion of the conſtruction of this apparatus, which 
16 till capable of being alteted and modified in 
many reſpects; but ſhall only add, that when it 
is to be uſed in experiment, the lamp and reſer- 
voir with the contained oil muſt be accurately 
Weighed, after which it is placed as before di- 
rected/ and lighted; having then formed the 
vonnection between the air in the gaaometer 
and the lamp, the external jar A, Pl. XI. is fix- 
| ed ober all, and ſecured by means of the board 
3 B C, 
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BC, and by two rods of iron which connect this 
board with the lid, and are ſcrewed to it. A 
ſmall quantity of oil is burnt while the jar is ad- 
juſting to the lid, and the product of that com- 
buſtion is loſt ; there is likewiſe a ſmall portion of 
air from the gazometer loſt at the ſame time. 
Both of theſe are of very inconſiderable conſe- 
quence in extenſive experiments, and they are 
even capable of being valued in our calculation 5 
of the reſults. - 17 204 
In a particular memoir, I ſhall give an account 
to the Academy of the. difficulties inſeparable 
from this kind of experiments: Theſe are ſo in- 
ſurmountable and troubleſome, that L have not 
hitherto been able to obtain any rigorous' deter- 
mination of the quantities of the products. I have 
ſufficient proof, however, that the fixed oils are 
entirely reſolved during combuſtion into water 
and carbonie acid gas, and conſequently that 
they are compoſed of hydrogen and carbon; but 
I have no certain knowledge reſpecting the ro. 
Feen . an e d Het ttt 
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SECT. V. 
F Dan Fes big : 


Of the Combuſtion Altobol. 


/ The eombuſtion of ulkohol may be very readi- 
ly performed in the apparatus already deſeribed 
for the combuſtion of charcoal and phoſphorus. 
A lamp filled with alkohol is placed under the 
jar A, Pl. IV. Fig. 3. a ſmall morſel of phoſ- 
phorus is placed upon the wick of the lamp, 
which is ſet on fire by means of the Hot iron, as 
before directed. This procefs is, however, li- 
able to confiderable inconveniency; it is 'dan- 
gerous to make uſ of oxygen gav at the begin. 
ning of the experiment for feur of \deflagration, 
whichlis even liable to happen when common 
air is employed. Alf accident ef this kind had 
very near proved fatal to myſelf, in preſenoe of 
ſome members of the Academy. Inſtead of prepa- 
ring the experiment, as uſual, at the time it was 
to be performed, I had diſpoſed every thing in or- 
der the evening before; tlie atmoſpheric air of the 
jar had thereby ſufficient time to diſſolve a good 
deal of the alkohol, and this evaporation had 
even been conſiderably promoted by the height 
of the column of mercury, which I had raiſed 

to EF, Pl. IV. Fig. 3. The moment I 3 
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ed to ſet the little morſel of phoſphorus on fire 
by means of the red hot iron, a violent exploſion 
took place, which threw: the jar with great vio- 
lence againſt the floor of the * and 
daſhed it in a thouſand pieces. 

Hence we can only operate upon very ſmall 
| quantities, ſuch as ten or twelve grains of alko- 
hol, in this manner; and the errors which may 
be committed in experiments upon ſuch ſmall 


__ quantities prevent our placing any confidence in 


their reſults. I endeavoured to prolong the com- 

buſtion, in the experiments contained in the 
Memoirs of the Academy for 1784, p. 593. by 
lighting tlie alkohol firſt in common air, and fur- 
niſhing oxygen gas afterwards to the jar, in pro- 
portion as it conſumed ; but the carbonic acid gas 
produced by the proceſs became a great hinder- 
anee to the combuſtion, the more ſo that alkohol 
is but difficultly combuſtible, eſpecially ; in worſe 
than common air; ſo that even in this my very 


ſmall quantities only. could be burat. 


Perhaps this combuſtion. might 3 better 
in the oil appartus, Pl., XI.; but I have not 
| bitherto ventured to try it. The jar A in which 
the combuſtion is performed is near 2400 cubj- 
cal inches in dimenſion; and, were an exploſion 
to take place in ſuch a veſſel, its conſequences 
would be very terrible, and very difficult to 
guard againſt. 1 have. 85. en ene 
of es the attempt. 1 ab 
In 
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In (conſequence of theſe difficulties, I have 
been hitherto obliged to confine myſelf to expe- 
riments upon very ſmall quantities of alkohol, at 
leaft to combuſtions made in open veſſels, ſuch 
as that repreſented in Pl. IX. Fig. 5. which will 
be deſcribed in Section VII. of this Chapter. If 
I am ever able to remove theſe DRE I ſhall 
reſume this . | 


— 


„ 


Of the Combuſtion of Ether. 


Though the combuſtion of ether in cloſe vei- 
ſels does not preſent the fame difficulties as that 
'of alkohol, yet it involves ſome of a different kind, 
not more eaſily overcome, and which ſtill pre- 
vent the progreſs of my experiments. I endea- 
voured to profit by the property which ether 
' Polſleſſes of diſfolving i in atmoſpheric air, and be- 
ing thereby rendered inflammable without explo- 
non. For this purpoſe, L conſtructed the reſer- 
voir of ether a bed, PL XII. Fig. 8. to which air 
is brought from the gazömeter by the tube r, 2 

=> 3. . This air ſpreads, in the firſt place, in the 
double lid ac of the refervoir, from which it 
paſſes through ſeven tubes ef; gb, il, & c. which 


— to the bottom of the ether, and it is 
forced 
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forced, by the preſſure of the gazometer, to boil 
up through the ether in the reſervoir. We 
may replace the ether in this firſt reſervoir, in 
proportion as it is diſſolved and carried off by 
the air, by means of the ſupplementary reſer- 
voir E, connected by a braſs tube fifteen or 
eighteen inches long, and ſhut by a ſtop-cock. 
This length of the connecting tube is to enable 
the deſcending ether to overcome the refiſtance, 
occaſioned by the Era of the air from the ga | 
Tometer. 
The air, thus loaded with vapours of Aer, | 
is conducted by the tube 5, 6, 7, 8, 9, to the jar 
A, into which it is allowed to eſcape through a 
capillary opening, at the extremity of which it is 
ſet on fire. The air, when it has ſerved the pur- 
poſe of eombuſtion, paſſes through the bottle 16, 
Pl. XI. the worm 17, 18, and the deliqueſcent 
tube 19, 20, after which it paſſes through the al- 
kaline bottles; in theſe its carbonic acid gas is 
abſorbed, the water formed during the experi- 

ment having been previouſiy depoſited in the 
former parts of the apparatus. | 
When I cauſed conſtruct this apparatus, I 
ſuppoſed that the combination of atmoſpherie air 
and ether formed in the reſervoir abc d, Pl. XII. 
Fig. 8. was in proper proportion for ſupporting | 
' combuſtion z. but in this I was miſtaken; for 
there is a very conſiderable quantity of exceſs of 
ether; ſo that an additional N of atmo- 
n ſpheric 
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ſpheric air 1s neceſſary to enable it to burn fully. 
Hence a lamp conſtructed. upon theſe principles 
will burn in the open air, which furniſhes the 
quantity of oxygen neceſſary for. combuſtion, 
but will not burn in cloſe veſſels in which the 
air is not renewed. Owing to this circumſtance, 
my ether lamp went out ſoon after being light- 
ed and ſhut up in the jar A, PI. XII. Fig. 8. 
To remedy this defect, I endeavoured to bring 
atmoſpheric air to the lamp by the lateral tube 

10, 11, 12, 13, 14, I5, which I diftributed cir- 
cularly round the flame; but the flame is ſo ex- 
ceedingly rare, that it is blown out by the gentleſt 
poſſible ſtream of air, ſo that I have not hitherto 
ſucceeded in burning ether. 1 do not, however, 
deſpair of being able to accompliſh it by means 
of ſome changes I am about to have mage Aon 
this W 2 _ 


FT > 11 
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955 | 8 E QC: 8 vu. 1 
Ns, 0 ih Gelees of Hydrogen Gui, and the Fer. 
nation of Water. i 


Ws In chi forcention of water, two cubclendes 
hydrogen and oxygen, which are both in the 


atriform ſtate before combuſtion, are transform. 


oo into a . ooo or water, 0 the operation. 
e e . 2 89 
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This experiment would be very eaſy, and would. 
only require very ſimple inſtruments, if it were 
poſſible to procure the two gaſſes perfectly pure, 
ſo that they might burn without any reſiduum. 
We might, in that caſe, operate in very ſmall 
veſſels, and, by continually furniſhing the two 
gaſſes in proper proportions, might continue the 
combuſtion indefinitely.. But, hitherto, chemiſts 
have only employed impure oxygen gas, mixed. 
with azotic gas ; from which circumſtance they 
have only been able to. keep up the combuſtion 
of hydrogen gas for a very limited time in cloſe 
veſſels, becauſe, as the reſiduum of azotic gas 
is continually increaſing, the air becomes at laſt 
ſo much contaminated, that the flame weakens 
and goes out. This inconvenience is ſo much the 
greater in proportion as the oxygen gas employ- 
ed is leſs pure. From this circumſtance, we 
muſt either be ſatisfied with operating upon ſmall 
quantities, or muſt exhauſt the veſſels at in- 
tervals, to get rid of the reſiduum of azotic 
gas; but, in this caſe, a portion of the water 
formed during the experiment is evaporated by 
the exhauſtion; and the reſulting error is the 
more dangerous to the accuracy of the proceſs, 
that we . no certain means ok SARS 
its value. 3 10 5 . 8 
Theſe conſiderations ak me Jae to 
repeat the principal experiments of pneumatic. 
chenyſtry with oxygen gas entirely fres from 
K k 2 any 
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any admixture of azotic gas; and this may be 
procured from oxygenated muriat of potaſh, 
The oxygen gas extracted from this ſalt does 
nor appear to contain azot, unleſs accidentally ; 
ſo that by proper precautions, it may be ob. 
tained perfectly pure. In the mean time, the 
apparatus employed by Mr Meuſnier and me 
for the combaſtion of hydrogen gas, which is 
_ deſcribed in the experiment for recompoſition 
of water, Part I. Chap. VIII. and need not there- 
fore be here repeated, will anſwer the purpoſe; 
when pure gaſſes are procured, this apparatus 
will require no alterations, except that the ca- 
pacity of the veſſels my" then * e See 
PL IV. Fig; 
The combuſtion, when once Pes conti- 
nues for a conſiderable time, but weakens gra- 
dually, in proportion as the quantity of azotic 
gas, remaining from the combuſtion, increaſes, 
till at laſt the azotic gas is in ſuch over propor- 
tion that the combuſtion can no longer be ſup- 
ported, and the flame goes out. This ſponta- 
neous extinction muſt be prevented, becauſe, as 
the hydrogen gas is preſſed upon in its reſer- 
voir, by an inch and a half of water, while the 
oxygen gas ſuffers a preſſure only of three lines, 
a mixture of the two would take place in the 
balloon, which would at laſt be forced, by the 
ſuperior preſſure, into the reſervoir of oxygen 
gab: "Wherefore the combuſtion muſt be ſtop- 
| | * 
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ped, by ſhutting the ſtop- cock of the tube d Dd - 
whenever the flame grows very feeble; for which 
purpoſe it muſt be attentively watched. 

There is another apparatus for combuſtion, : 
which, though we cannot with it perform expe- 
riments with the ſame ſcrupulous exactneſs as 
with the preceding inſtruments, gives very ſtri- 
king reſults, that are extremely proper to be 
ſhewn in courſes of philoſophical chemiſtry. It 
confiſts of a worm EF, Pl. IX. Fig. 5. contained 
in a metallic cooler ABC D. To the upper part 

of this worm E, the chimney GH is fixed, which 
is compoſed of two tubes, the inner of which is 
a continuation of the worm, and the outer one is 
a caſe of tin-plate, which ſurrounds it at about 
an inch diftance, and the interval is filled up with 
fand. At the inferior extremity K of the inner 
tube, a glaſs tube is fixed, to which we adopt the 

Argand lamp LM for burning alkohol, &c. 

- Things being thus diſpoſed, and the lamp 
deing filled with a determinate quantity of alko- 
hol, it is ſet on fire; the water which is formed 
during the combuſtion riſes in the chimney KE, 
and being condenſed in the worm, runs out at 
its extremity F into the bottle P. The double 
tube of the chimney, filled with fand i in the in- 
terſtice, is to prevent the tube from Ne in 
its upper part, and condenſing the water; 
therwiſe, it would fall back in the tube, df Fe we 


2 10 not be able to aſcertain its quantity, and 
cf K k 3 | beſides 
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beſides it might fall in drops upon the wick, 
and extinguiſh the flame. The intention of this 
_ conſtruction, is to keep the chimney always hot, 
and the worm always cool, that the water may 
be preſerved in the ſtate of vapour while ri- 
ſing, and may be condenſed immediately upon 
27 into the deſcending part of the appara- 

By this inſtrument, which was contrived 
b Mr Meuſnier, and which is deſcribed by me 
in the Memoirs of the Academy for 1784, p. 593. 
we may, with attention to keep the worm al- 
ways cold, collect nearly ſeventeen ounces of wa- 
ter from the combuſtion of ſixteen ounces of 
alkghol. | | | 


8'E'C'T; "VI: 
-: Y the Oxydation of Metals, 


The term. oxydation, or calcination, is chiefly 
uſed to ſighify the proceſs by which metals ex- 
1 poſed to a certain degree of heat are converted 

into oxyds, by abſorbing oxygen from the air. 

This Scene takes place in conſequence of 

oxygen poſſeſſing a greater affinity to metals, at 
4 rertain' „ N to caloric, which 
mas _ JJ 


becomes diſengaged in its free ſtate; but, as 
this diſengagement, when made in common air, 
is ſlow and progreſſive, it is ſcarcely evident to 
the ſenſes. It is quite otherwiſe, however, when 
oxydation takes place in oxygen gas; for, being 
produced with much greater rapidity, it is ge- 
nerally accompanied with heat and light, ſo as 
evidently to ſhew that metallic ſubſtances are 
real combuſtible bodies. 

All the metals have not the ſame dogma of 
affinity to oxygen. Gold, filver, and platina, for 
' Inſtance, are incapable of taking it away from 
its combination with caloric, even in the greateſt 
known heat ; whereas the other metals abſorb it 
in a larger or ſmaller quantity, until the affinities 
of the metal to oxygen, and of the latter to calo- 
ric, are in exact equilibrium. Indeed, this ſtate 
of equilibrium of affinities may be aſſumed as a 
general law of nature in all combinations. 

In all operations of this nature, the oxydation 
of metals is accelerated by giving free acceſs to 
the air; it is ſometimes much aſſiſted by joining 
the er of bello ws, ſa contrived as to direct a 
ſtream of air over the ſurface of the metal. This 
proceſs becomes greatly more rapid if a ſtream 
of oxygen gas be uſed, which is readily done by 
means of the gazometer formerly deſcribed. The 
metal, in this caſe, throws out a brilliant flame, 
and the a ol is very quickly accompliſhed. 
gourd x. 5 K k 4 8 but 
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but this method can only be uſed in very con- 
fined experiments, on account of the expence of 
procuring oxygen gas. In the eſſay of ores, and 
in al] the common operations. of the laboratory, 
the calcination or axydation of metals is uſually 
performed in a diſh of baked glay, Pl. IV. Fig. 
6. commonly called a roaſting tei, placed in a 
ſtrong furnace. The ſubſtances to be oxydated 
are frequently ſtirred, on e to n freſh 
ſarfaces to the air. | 
Whenever this operation js performed upon a. 

metal which is not volatile, and from which o- 
thing flies off into the ſurrounding air during the 
proceſs, the metal acquires additional weight; 
but the cauſe af this increaſed weight during 

oxydation could never have been diſcovered by 
means of experiments performed in free air; 
and it is only {ſince theſe opergtions have been 
performed in cloſe veſlels, and in determinate 
quantities of air, that any juſt conjectures have 
been formed concerning the cauſe of this pheno- 
menon. The firſt method for this purpoſe is due 
to Dr Prieſtley, who expoſes the metal to be cal- 
eined in a porcelain up N, Pl. IV. Fig. 11. pla- 
ced upon the ſtand IK, under a jar A, in the 
baſon BC DE, full of water; the water is made 
to riſe up to GH, hy ſucking aut the air with a 
ſyphon; and the focus of a burning-glaſs is made 
do fall upon the metal. In a few minutes the 
Tag. - 1 oxydation 
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xydation takes place, a part of the oxygen con- 


tained in the air combines with the metal, and a 
proportional diminution of the volume of air is 
produced what remains is nothing more than 
azotic gas, ſtill however mixed with a ſmall quan- 
tity of oxygen gas. I have given an account of a 
ſeries of experiments made with this apparatus in 
my Phyfical and Chemical Eſſays, firſt publiſhed 
in 1773. Mercury may be uſed inſtead of water 
in this experiment, whereby the reſults : are ren · 
dered ſtill more concluſive. 
Another proceſs for this purpoſe was invented 
by Mr Boyle, and of which I gave an account 
in the Memoirs of the Academy for 1774, 


p. 351. | The metal is introduced into a retort, - 


Pl. III. Fig. 20. the beak of which is hermeti-. 
cally ſealed; the metal is then oxydated by 
means of heat applied with great precaution. 
The weight of the veſſel, and its contained ſub. 
ſtances, is 'not at all changed. by this proceſs, 


until the extremity of the neck of the retort is 


broken; but, when that is done, the external 
air ruſhes in with a hifling noiſe.” This opera- 


tion is attended with danger, unleſs a part of 


the air is driven out of the retort, by means of 
heat, before it is hermetically ſealed, as other- 
wiſe the retort would be apt to burſt by the di: 
lation of the air when placed in the furnace. 
The quantity of air driven out may be received 

em a jar in the pneumato-· chemical appara · 
tus, 


4 
1 
| 
1 
n 
[i 

| 
| 
1 


os * ELEMENTS 


tus, by which its quantity, and that of the air 
remaining in the retort, is aſcertained. I have 
not multiplied my experiments upon oxydation 
of metals ſo much as I could have wiſhed ; nei- 
ther have I obtained ſatisfactory reſults with any 
metal except tin. It is much to be wiſhed that 
ſome perſon would undertake a ſeries of experi- 
ments upon the oxydation of metals in the ſeve- 
ral gaſſes; the ſubject is important, and would 
fully repay any trouble which this kind pr _ 
riment might occaſion... 7 
As all the oxyds of r metcury are md of 
revivifying without addition, and reſtore the 
oxygen gas they had before abſorbed, this 
ſeemed to be the moſt proper metal for beco- 
ming the ſubject of concluſive experiments up- 
on oxydation. I formerly endeavoured to ac- 
compliſn the oxydation of mercury in cloſe veſ- 
ſels, by filling a retort, containing a ſmall quan- 
tity of mercury, with oxygen gas, and adapting 
aà bladder half full of the ſame gas to its beak; 
See Pl. IV. Fig. 12. Afterwards, by heating 
the mercury in the retort for a very long time, 
I ſucceeded in oxydating a very ſmall portion, 


ſio as to form a little red oxyd floating upon the 


ſurface of the running mercury; but the quan- 
tity was ſo ſmall, that the ſmalleſt error com- 
mitted in the determination of the quantities of 
oxygen gas before and after the operation, muſt 


5 very great uncertainty upon the 
1 reſults 
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reſults of the experiment. I was, beſides, diſ. 
ſatisfied with this proceſs, and not without cauſe, 
leſt any air might have eſcaped through the pores 
of the bladder, more eſpecially as it becomes ſhri- 
velled by the heat of the furnace, unleſs covered 
over with cloths kept conſtantly wet. | 
This experiment is performed with more cer- 
tainty in the apparatus deſcribed in the Me- 
moirs of the Academy for 1775, p. 580. This 
confiſts of a retort, A, Pl. IV. Fig. 2. having a 
crooked glaſs tube BC DE of ten or twelve lines 


internal diameter, melted on to its beak, and 


which is engaged under the bell-glaſs FG, 
ſtanding with its mouth downwards, in a baſon 
filled with water or mercury. The retort is 
placed upon the bars of the furnace MMNN, 
PI. IV. Fig. 2. or in a ſand-bath, and by means 
of this apparatus we may, in the courſe of ſeve- 
ral days, oxydate a ſmall quantity of mercury in 
common air; the red oxyd floats upon the ſur- 
face, from which it may be collected and revived. 
ſo as to compare the quantity of oxygen gas ob- 
tained in revivification with the abſorption which 
took place during oxydation. This kind of expe- 
riment can only be performed upon a ſmall ſcale, 
ſo that no very certain concluſions can be drawn 
om is. 7 berg ond o 17 163 ef 


U 
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The combuſtion of iron in oxygen gas being 

a true oxydation of that metal, ought to be 
mentioned in this place. The apparatus em- 
ployed by Mr Ingenhouſz for this operation is 
repreſented in Pl. IV. Fig. 17. ; but, having al- 
ready deſcribed it ſufficiently in Chap. III. I 
ſhall refer the reader to what is ſaid of it in that 
place, Iron may likewiſe be oxydated by com- 
buſtion in veſſels filled with oxygen gas, in the 
| way already directed for phoſphorus and char- 
coal. This apparatus. is repreſented Pl. IV. 
Fig. 3. and deſcribed in the fifth chapter of the 
firſt part of this work. We learn from Mr In- 
genhouſi, that all the metals, except gold, fil- 
ver, and mercury, may be burnt or oxydated in 
the fame manner, by reducing them into very 
fine wire, or very thin plates cut into narrow 
ſlips; theſe are twiſted round with iron-wire, 
which communicates the n of burning to 
the other metals. 
| Fe ar is even diffiultly kd in free 
In chemical laboratories, this proceſs is u- 
ſally carried on in a matraſs A, Pl. IV. Fig. 10. 
having a very flat body, and a very long neck 
BC, which veſſel is commonly called Boylc's 
dell. A quantity of mercury is introduced ſuf- 
ficient to cover the bottom, and it is placed in 
a ſund-bath, which keeps up a conſtant heat 
5 A elebing to that of boiling mercury. By 


continuing unn operation with five or fix mi- 
5 2 lar 
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lar matraſſes during ſeveral months, and renew- 
ing the mercury from time to time, a few oun- 
ces of red oxyd are at laſt obtained. The great 
| ſlowneſs and inconvenience of this apparatus a- 
_ riſes from the air not being ſufficiently renewed ; 

but if, on the other hand, too free a circulation 
were given to the external air, it would carry off 
the mercury in ſolution in the ſtate of vapour, 
ſo that in a few days none would remain in the 
veſſel. | 

As, of all the experiments upon the oxydation 
of metals, thoſe with mercury,are the moſt con- 
 cluſive, it were much to be wiſhed that a ſimple 
apparatus could be contrived by which this oxy- 
dation and its reſults might be demonſtrated in 
public courſes of chemiſtry, This might, in my 
opinion, be accompliſhed by methods fimilar to 
_ thoſe I have already deſcribed for the combuſtion 
of charcoal and the oils ; but, owing to other 
purſuits, I have not been able hitherto to reſume 
this kind of experiment. 

The oxyd of mercury revives without adi 
tion, by being heated to a ſlightly red heat. In 
this degree of temperature, oxygen has greater 
affinity to caloric than to mercury, and forms 
oxygen gas. This is always mixed with a ſmall - 
portion of azotic gas, which indicates that the 
mercury abſorbs a ſmall portion of this latter 
gas during oxydation. It almoſt always con- 
tains a little earbonic acid gas, which muſt un- 
doubtedly 
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doubtedly be attributed to the foulneſſes of the 
dxyd; theſe are charred by the heat, and con- 
vert a Nh of the a gas into n a- 
cid, | 
Af nit were We to . tit of 
procuring all the oxygen gas, employed in their 
experiments, from mercury oxydated by heat 
without addition, or, as it is called. calcined or 
precipitated” per ſe, the exceſſive dearneſs of 
that preparation would render experiments, even 
upon a moderate ſcale, quite impracticable. 
But mercury may likewiſe be oxydated by 
means of nitric acid; and in this way we pro- 
cure a red oxyd, even more pure than that pro- 
duced by calcination. I have ſometimes pre- 
pared this oxyd by diſſolving mercury in nitric 
acid, evaporating to dryneſs, and calcining the 
ſalt, either in a retort, or in capſules formed 
of pieces of broken matraſſes and retorts, in 
the manner formerly deſcribed ; but I have ne- 
ver ſucceeded in making it equally beautiful 
with what is ſold by the druggiſts, and which 
is, I believe, brought from Holland. In chooſ- 
ing this, we ought to prefer what is in ſolid lumps 
compoſed of ſoft adhering ſcales, as when in 
powder it is ſometimes adulterated with red 
oxyd of lea. | 
To obtain oxygen gas oem this red 3 of 
mercury, I uſually employ a porcelain retort, 
NO a long glaſs: tube r e to its beak, 
„ 8 which 
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which is engaged under jars in the water pneu- 
mato- chemical apparatus; and I place a bottle 
in the water, at the end of the tube, for recei- 
ving the mercury, in proportion as it revives and 
diſtils over. As the oxygen gas never appears 
till the retort becomes red, it ſeems to prove the 
principle eſtabliſned by Mr Berthollet, that an 
obſcure heat can never form oxygen gas, and 
that light is one of its conſtituent elements. We 
muſt reject the firſt portion of gas which comes 
cover, as being mixed with common air, from 
what was contained in the retort at the begin- 
ning of the experiment; but, even with this pre- 
caution, the oxygen gas procured is uſually con- 
taminated with a tenth part of azotic gas, and 
with a very ſmall portion of carbonic acid gas. 
'This latter 1s readily got rid of, by making the 
gas paſs through a ſolution of cauſtic alkali, but 
we know of no method for ſeparating the azotic 
gas; its proportions may however be aſcertained, - 
by leaving a known quantity of the oxygen gas 
contaminated with it for a fortnight, in contact 
with ſulphuret of ſoda or potaſh, which abſorbs. 
the oxygen gas, and converts the ſulphur into 
ſulphuric acid, leaving the azotic gas pure. 

We may likewiſe procure oxygen gas from 
black oxyd of manganeſe, or from nitrat of potaſh, 
by expoſing them to a red heat, in the appara- 
tus 3 deſcribed for operating upon red 


oxyd 
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oxyd of mercury; only, as it requires ſuch a 

heat as is at leaſt capable of ſoftening glaſs, we 

muſt employ retorts of ſtone or of porcelain. But 

the pureſt and beſt oxygen gas is what is diſen- 

gaged from oxygenated muriat of potaſh by ſimple 

| heat. This operation is performed in a glaſs re- 

: tort, and the gas obtained is perfectly pure, pro- 
vided that the firſt portions, which are mixed 
with the common air of the veſſels, be rejected. 
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CHAP. IX. 


Of Deflagrat on, 


Have lady ſhewn, Part I. Chapter IX. 
that oxygen does not always part with the 
whole of the caloric it contained in the ſtate of 
gas, when it enters into combination with other 
bodies. It carries almoſt the whole of its caloric 
along with it on entering into the combinations 
which form nitric acid and oxygenated muriatic 
acid; ſo that in nitrats, and more eſpecially i in 
oxygenated muriats, the oxygen is, in a certain 
degree, in the ſtate of oxygen gas, condenfed, 

and reduced to the ſmalleſt wands it is N 
of occupying. f | 
In thefe combinations, the caloric- exerts a 
conſtant action upon the oxygen to being it 
| back to the ſtate of gas; hence the oxygen ad- 
heres but very flightly, and the ſmalleſt addi- 
tional force is capable of ſetting it free; and, 
when ſuch force is applied, ir often recovers the 
ſtate of gas inftantaneouſly. This rapid paffage 
from the ſolid to the aEriform ſtate is called de- 
tonation, or fulmination, becauſe it is uſuallß 

accompanied with noife and exploſion. Deffa- 
grations are commonly produced by means of | 
CONNERY of charcoal, either with nitre or 
8 mT "RY 04:96. 991 with 


W 
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with oxygenated muriat of potaſh; ſometimes, to 
aſſiſt the inflammation, ſulphur is added; and, 
upon the juſt proportion of theſe „ and 
the proper manipulation of the mixture, the art 


of making gun- powder depends. 


As oxygen is changed, by deflagration with 
charcoal, into carbonic acid, inſtead of oxygen 
gas, carbonic acid gas is diſengaged, at leaſt 
when the mixture has been made in juſt propor. 
tions. In deflagration with nitre, azotic gas is 
likewiſe diſengaged, becauſe azot is one of the 
conſtituent elements of nitric acid. 85 

The ſudden and inſtantaneous diſengagement 
and expanſion of theſe gaſſes is not, however, 
ſufficient for explaining all the phenomena of de- 
flagration; becauſe, if this were the ſole opera- 


ting power, gun-powder would always be ſo much 


the ſtronger in proportion as the quantity of gas 
diſengaged in a given time was the more conſi- 
derable, which does not always accord with ex- 
periment. I have tried ſome kinds which produ- 
ced almoſt double the effect of ordinary gun- 
powder, although they gave out a ſixth part leſs 
of gas during deflagration. It would appear that 
the quantity of caloric diſengaged at the moment 
of detonation contributes conſiderably to the ex- 
 panſive effects produced; for, although caloric 
"penetrates freely through the pores of every body 
in nature, it can only do ſo progreſſively, and in 


Aa given time : hence, when the * diſenga- 


ged 
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ped at once is too large to get through the pores | 
of the ſurrounding bodies, it muſt neceſſarily act 
in the ſame way with ordinary elaſtic fluids, and 
muſt overturn every thing that oppoſes its paſ- 
ſage. This muſt, at leaſt in part, take place 
when gun-powder is ſet on fire in a cannon ; as, 
although the metal is permeable too caloric, the 
quantity diſengaged at once is too large to find 
its way through the pores of the metal, it muſt 
therefore make an effort to eſcape on every ſide; 
and, as the reſiſtance all around, excepting to- 
wards the muzzle, is too great to be overcome, 
this effort is neceſſarily employed for enn 
the bullet. 21 #7 2441503 
The caloric produces a 8 effect, by 
means of the repulſive force exerted between 
its particles ; it cauſes the gaſſes, diſengaged at 
the moment of deflagration, to expand with a 
degree of force tv to Wa ene 
n HE) M0101 002405 
It is very probable: that water is decomboſed 
during the deflagration of gun- powder, and that 
part ot the oxygen furniſhed to the naſoent car- 
bonic acid gas is produced from it. If ſo, a 
conſiderable quantity of hydrogen gas muſt be 
diſengaged in the inſtant of deflagration, which 
expands, and contributes to the foice of the ex- 
ploſion. It may readily be conceived how great- | 
ly this circumſtance muſt increaſe the effect of 
Lo if we conſider that a Pn hydrogen | 1 
255 ELLA 8 gas — 3 


532 ELEMENTS 


gas weighs only one- grain and two thirds; 
hence a very ſmall quantity in weight muſt oc- 
cupy a very large ſpace, and it muſt exert a 
prodigious. expanſive force in paſſing from the 
liquid to the ariform ſtate of exiſtence. 
In: the. laſt, place, as a portion of undecom- 
poſed. water is reduced to vapour during the 
deflagration of gun-powder, and as water, in 
the ſtate of gas, oceupies ſeventeen. or eighteen 
hundred times more ſpace than in its liquid ſtate, 
this circumſtance muſt likewiſe contribute large- 
1 to the exploſi ve force of the powder. ä 
I have already made a conſiderable ſeries of 
experiments upon the nature of the elaſtic fluids 
diſengaged during the deflagration of nitre with 
charcoal and ſulphur, and have made ſome, 
likewiſe, with the oxygenated, muriat of potaſh. 
This method of inveſtigation leads to tolerably 
accurate einde with reſpect to the conſti- 
tuent elements of theſe ſalts. Some of the prin- 
_  »olpal;;xeſults; of theſe experiments, and of the 
conſequences, drawn from them reſpecting the 
analyſis of nitric: acid, are reported in the col- 
lectiom of Memoirs preſented to the Academy 
by foreign philoſophers, vol. xi. p. 625. Since 
then I::have;; procured; more convenient inſtru- 
ments, and I intend to repeat theſe experiments 
upon a larger ſcale, by which 1 ſhall procure 
more accurate ꝓreciſion in their reſults; the fol- 
lapririg, however, MS I have hitherto 
282 2 5 | GN 
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employed. I would very earneſtly adviſe ſuch 
as intend to repeat ſome of theſe experiments; 
to be very much upon their guard in operating 
upon any mixture which contains nitre, char- 
coal and ſulphur, and more eſpecially with thoſe 
in which oxygenated muriat of potaſh 1 is mixed 
with theſe two materials. 

I make uſe of piſtol-barrels, about fix inches 
long, and of five or ſix lines diameter, having 
the touch-hole ſpiked up with an iron nail 

ſtrongly driven in, and broken in the hole, and 
a little tin-ſmith's ſolder run in to prevent any 
poſſible iſſue for the air. Theſe are charged 
with a mixture of known quantities of nitre and 
charcoal, or any other mixture capable'of de- 
flagration, reduced to an impalpable powder, 
and formed into a paſte with a moderate quan- 
tity of water. Every portion of the materials 
introduced muſt be rammed down with a ram- 
mer nearly of the ſame caliber with the barrel, 
four or ſive lines at the muzzle muſt be left 
empty, and about two inches of quick match 
are added at the end of the charge. The only 
difficulty in this experiment, eſpecially when ſul- 
phur is contained in the mixture, is to diſcover . 
the proper degree of moiſtening; for, if the 
| paſte be too much wetted, it will not take fire, 
and if too dry, the deflagration is apt to become 
too we and even 2 . | 
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When the experiment is not intended to be 
rigorouſly exact, we ſet fire to the match, and, 
when it is juſt about'to communicate with the 
charge, we plunge the piſtol below a large bell- 
glaſs full of water, in the pneumato-chemical 
apparatus. The deflagration begins, and conti- 
nues in the water, and gas is diſengaged with 
| lefs or more rapidity, in proportion as the mix- 

ture is more or leſs dry, So long as the defla- 
gration continues, the muzzle of the piſtol muſt 
be kept ſomewhat inclined downwards, to pre- 
vent the water from getting into its barrel. In 
this manner I have ſometimes collected the gas 
produced from the deflagration of an ounce and 
half, or two ounces, of nitre. | 

In this manner of operating, it is ;mpoſſible to 
determine the quantity of carbonic acid gas diſ- 
engaged, becauſe a part of it is abſorbed by the 
water while paſſing through it; but, when the 
carbonic acid is abſorbed, the azotic gas re- 
mains; and, if it be agitated for a few minutes 
in cauſtic alkaline ſolution, we obtain it pure, 
and can eaſily determine its volume and weight. 
We may even, in this way, acquire a tolerably 
exact knowledge of the quantity of carbonic 
acid by repeating the experiment a great many 
times, and varying the proportions of charcoal, 
till we find the exact quantity requiſite to defla- 
grate the whole nitre employed. Hence, by 
my of the weight of charcoal employed, we 
3 ne 


I 
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determine the weight of oxygen neceſſary for 
ſaturation, and deduce the quantity of oxygen 
contained in a given weight of nitre. 

J have uſed another proceſs, by which the 
reſults of this experiment are confiderably more 
accurate, which conſiſts in receiving the diſen- 
gaged gaſſes in bell-glaſſes filled with mercury. 
The mercurial apparatus I employ is large 
enough to contain jars of from twelve to fifteen 
pints in capacity, which are not very readily 
managed when full of mercury, and even. re- 
quire to be filled by a particular method. When 
the jar 1s placed in the ciſtern of mercury, a 
glaſs ſyphon is introduced, connected with a 
ſmall air-pump, by means of which the air is 
exhauſted, and the mercury riſes ſo as to fill the 
jar. After this, the gas of the deflagration is 
made to paſs into the jar in the ſame manner as 
directed when water is employed. 

_ I muſt again repeat, that this ſpecies of ex- 
periment requires to be performed with the 
greateſt poſſible precautions. I have ſometimes 
ſeen, when the diſengagement of gas proceeded 
with too great rapidity, jars filled with more than 
an hundred and fifty pounds of mercury driven 
off by the force of the exploſion, and broken to 
pieces, while the _—_ Was ſcmacered about 
in great quantities. | 
When the experiment has ſucceeded, and the 
gas is collected under the jar, its quantity in 
L ] 4 | . 
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general, and the nature and quantities of the ſe- 
veral ſpecies of gaſſes of which the mixture is 
- compoſed, are accurately aſcertained by the me- 
thods already pointed out in the [ſecond chapter 
of this part of my work. I have been prevent- 
ed from putting the laſt” hand to the experi- 
ments I had begun upon deflagration, from their 


: connection with the objects I am at preſent en- 


gaged in; and I am' in hopes they will throw 
_ conſiderable light upon the operations belong- 
ing to the manufacture of gun powder. 


— 2 


CHAP. 
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C HAP. X. 


Of the Inſtruments neceſſary for Operating upon 
Bodies in very high Temperatures, 


— 


8 E= T. I. 
; a 07 Fuſfion. 


E have already ſeen, that by aqueous ſo- 
lution, in which the particles of bodies 
are ſeparated from each other, neither the ſol- 

vent nor the body held in ſolution are at all de- 

compoſed ; ſo that, whenever the cauſe of ſe- 
paration ceaſes, the particles reunite, and the ſa- 
line ſubſtance recovers preciſely the ſame appear- 
ance and properties it poſſeſſed before ſolution, 
Real ſolutions are produced by fire, or by in- 


_ troducing and accumulating a great quantity of 


caloric between the particles of bodies; and this 
ſpecies of ſolution i in caloric 1 is uſually called u- 
| fon. 2D 


This tperütton is commonly performed in 


"veſſels called erucibles, which muſt neceſſarily f 


be 


838 ELEMENTS 


be leſs fuſible than the bodies they are intended 
to contain. Hence, in all ages, chemiſts have 
been extremely ſolicitous to procure crucibles 
of very refractory materials, or ſuch as are ca- 
pable of reſiſting a very high degree of heat. 
The beſt are made of very pure clay or of por- 
celain earth; whereas ſuch as are made of clay 
mixed with calcareous or filiceous earth are very 
fuſible. All the crucibles made in the neigh- 
bourhood of Paris are of this kind, and are con- 
ſequently unfit for moſt chemical experiments. 
The Heſſian crucibles are tolerably good; but 
the beſt are made of Limoges earth, which 
ſeems abſolutely infuſible. We have, in France, 
a great many clays very fit for making cruci- 
bles; ſuch, for inſtance, is the kind uſed for ma- 
king melting · pots at 5 * manufactory of St 
Sobin. | 
Crucibles are made of various forms, accor- 


ding to the operations they are intended to per- 
form. Several of the moſt common kinds are 


1 repreſented Pl. VII. Fig. 7. 8, 9, and 10.; the 


one repreſented at Fig. 9. is almoſt ſhut at its 
mouth. 
- Though fuſion may os take 2 without 
changing the nature of the fuſed body, this ope- 
ration is frequently employed as a chemical means 
of decompoſing and recompounding bodies. In 
this way all the metals are extracted from their 


e 5 a by this proceſs, they are revived, 
moulded, 
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moulded, and alloyed with each other. By this 
| proceſs ſand and alkali are combined to form 
_ glaſs, and by it likewiſe paſtes, or coloured ſtones, 
enamels, &c. are formed. 

The action of violent fire was much more fre- 
quently employed by the ancient chemiſts than 
it is in modern experiments. Since greater pre- 
ciſion has been employed in philoſophical re- 
ſearches, the humid has been preferred to the 
dry method of proceſs, and fuſion is ſeldom had 

recourſe to until all the other means of analyſis 
have . . 


SE CT, . 
Of Furnaces. 


| Theſe are inſtruments of moſt univerſal uſe 
in chemiſtry; and, as the ſucceſs of a great 
number of experiments depends upon their be- 
ing well or ill conſtructed, it is of great impor- 
tance that a laboratory be well provided in this 
reſpect. A furnace is a kind of hollow cylindri- 
cal tower, ſometimes, widened above, Pl. XIII. 

Fig. 1. AB CD, which muſt have at leaſt two 
lateral openings; one in its upper part F, which 
is the door of the fire- place, and one below, G, 
leading 
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 Jokdivir to the aſh-hole. Between theſe the fur. 


nace is divided by a horizontal grate, intended 
for ſupporting the fuel, the fituation of which 
is marked in the figure by the line HI. Though 
this be the leaſt complicated of all the chemical 
furnaces, yet it is applicable to a great number 
of purpoſes. By it lead, tin, biſmuth, and, in 
general, every ſubſtance which does not require 
a very ſtrong fire, may be melted in crucibles ; 
it will ſerve for metallic oxydations, for evapo- 


ratory veſſels, and for ſand-baths, as in Pl. III. 


Fig. 1. and 2. To render it proper for theſe 
purpoſes, ſeveral notches, m m m m, Pl. XIII. 
Fig. x. are made in its upper edge, as otherwiſe 


any pan which might be placed over the fire 


would ſtop the paſſage of the air, and prevent 
the fuel from burning. This furnace can only 
produce a moderate degree of heat, becauſe the 


quantity of charcoal it is capable of conſuming | 


is limited by the quantity of air which is allow- 


ed to paſs through the opening G of the aſh-- 


hole, Its power might be conſiderably aug- 


mented by enlarging this opening, but then the 


great ſtream of air which is convenient for ſome 
operations might be hurtful in others; where- 


fore we muſt have furnaces of different forms, 
_ conſtructed for different purpoſes, in our labo- 


ratories: There ought eſpecially to be ſeveral 


of the kind now deſcribed of different ſizes. 


. 
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The reverberatory furnace, Pl. XIII. Fig. 2. 
is perhaps more neceſſary. This, like the com- 
mon furnace, is compoſed of the aſh-hole HIKL, 
the - fire-place KLMN, the laboratory MNOP, 
and the dome RRS8, with its funnel or chim- 
ney TTVV; and to this laſt ſeveral additional 
tubes may be adapted, according to the nature 
of the different experiments. The retort A is 
placed in the diviſion called the laboratory, and 
is ſupported by two bars of iron which run a- 
croſs the furnace, and its beak comes out at a 
round hole in the fide of the furnace, one half 
of which is cut in the piece called the labora- 
tory, and the other in the dome. In moſt of 
the ready made reverberatory furnaces which 
are ſold by the potters at Paris, the openings 
both above and below are too ſmall :: Theſe do 
not allow a ſufficient volume of air to paſs 
through; hence, as the quantity of charcoal 

conſumed, or; what fis much the ſame thing, 
the quantity of caloric diſengaged, is nearly in 
proportion to the quantity of air which paſſes 
through the furnace, theſe furnaces do not 
produce a. ſufficient effect in a great number of 
experiments. To remedy this defect, there 
ought to be two openings GG to the aſh-hole ; 
one of theſe. is ſhut; up when only a moderate 
fire is required; and both are kept open when 
the ſtrongeſt power of the furnace is to be 
exerted. The . the dome 88 ought 
. likewiſe 


* 
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likewiſe to be Oy buyer: Gon it is uſu. 
” made. 

It is of great importance not to wnrde re- 
torts of too large ſize in proportion to the fur- 
nace, as a ſufficient ſpace ought always to be al- 
lowed for the paſſage of the air between the 
| fides of the furnace and the veſſel, The retort 
A in the figure is too ſmall for the ſize of the 
furnace, yet I find it more eaſy to point out the 
error than to correct it. The intention of the 
dome is to oblige the flame and heat to ſurround 
and ſtrike back or reverberate upon every part 
of the retort, whence the furnace gets the name 
of reverberatory. Without this circumſtance 
the retort would only be heated in its bottom, 
the vapours raiſed from the contained ſubſtance 
would condenſe in the upper part, and a conti- 
nual cohobation would take place without any 
thing paſſing over into the receiver; but, by 
means of this dome, the retort is equally heated 
in every part, and the vapours being forced out, 
can only condenſe i in the neck of the retort, or 
in the recipient. | 5013". | 

To prevent the buttons! bf the 1 retort FR bs. 
ing either heated or cooled too ſuddenly, it 1s 
ſometimes placed in a ſmall ſand-bath of baked 
clay, ſtanding upon the croſs bars of the fur- 
nace. Likewiſe, in many operations the retorts 
are coated over with lutes, ſome of which are in- 


tended. to preſerve them from the too ſudden 
24175 he influence 
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influence of heat or of cold, while others are for 
ſuſtaining the glaſs, or forming a kind of ſecond 
retort, which ſupports the glaſs one during ope- 
rations wherein the ſtrength of the fire might 
ſoften it. The former is made of brick-clay 
with a little cow's hair beat up along with it, 

into a paſte or mortar, and fpread over the glaſs 
or ſtone retorts. The latter is made of pure 
clay and pounded ſtone-ware mixed together, 
and uſed in the ſame manner. This dries and 
hardens by the fire, ſo as to form a true ſupple- 
mentary retort capable of retaining the materials, 
if the glaſs retort below ſhould crack or ſoften. 
But, in experiments which are intended for col- 
lecting gaſſes, this lute, being WET is of no 
manner of uſe. 

In a great many experiments, wherein very 
violent fire is not required, the reverberatory 
furnace may be uſed as a melting one, by leav- 
ing out the piece called the laboratory, and 
placing the dome immediately upon the fire- 
place, as repreſented Pl. XIII. Fig. 3. The fur- 
nace repreſented in Fig. 4. is very convenient 
for fuſions; it is compoſed of the fire- place and 
aſh-hole ABD, without a door, and having a 
hole E, which receives the muzzle of a pair of 
bellows ſtrongly luted on, and the dome ABGH, 
which ought to be rather lower than is repre- 
_ ſented in the figure. This furnace is not ca- 
Oo of oats ts a * ſtrong heat, but is 
anne 
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ſufficient for ordinary operations, and may be 
readily moved to any part of the laboratory 
where it is wanted. Though theſe particular 
furnaces are very convenient, every laboratory  . 
muſt be provided with a forge furnace, having a 
good pair of bellows, or what is more neceſſary, 
a powerful melting furnace. I ſhall deſcribe 
„ the one I uſe, with the principles upon which it 
is conſtructed. 
The air circulates in a farnate i in conſequence 
: of being heated in its paſſage through the burn- 
ing coals ; it dilates, and, becoming lighter than 
the ſurrounding air, is forced to riſe upwards 
by the preſſure of the lateral columns of air, 
and is replaced by freſh air from all fides, efpe- 
cially from below. This circulation of air even 
takes place when, coals are burnt in a common 
chaffing diſh; but we can readily conceive, 
that, in a furnace open on all ſides, the maſs of 
air which paſſes, all other circumſtances being 
equal, cannot be ſo great as when it js obliged 
to paſs through a furnace in the ſhape of a hol- 
| low tower, like moſt of the chemical furnaces, 
and conſequently that the combuſtion muſt be 
more rapid in a furnace of this latter conſtruc- 
tion. Suppoſe, for inſtance, the furnace ABCDEF 
(Fig. 5.) open above, and filled with burning 
coals, the force with which the air paſſes through 
the coals will be in proportion to the difference 
denen the ee gravity of two columns 
equal 


OF CHEMISTRY. 545 


equal to AC, the one of cold air without, and 
the other of heated air within the furnace. 
There muft be ſome heated air above the open- 
ivg AB, and the ſuperior levity of this ought 
likewiſe to be taken into conſideration ; but, as 
this portion is continually cooled and carried 
off by the external _ it cannot arms any 
great effect. 

But, if we add to this furnace a late hollow 
tube GH AB of the ſame diameter, which pre- 
ſerves the air which has been heated by the 

burning | coals from being cooled and diſperſed 
by the ſurrounding air, 'the difference of ſpecific 
gravity which cauſes the circulation will then be 
between two columns equal to GC. Hence, if 
GC be three times the length of AC, the cir- 
culation will have treble force. This is upon 
the ſuppoſition that the air in GHCD is as 
much heated as what is contained in ABCD, 
which is not ſtrictly the caſe, becauſe the heat 
muſt decreaſe between AB and GH; but, as 
the air in GHAB is much warmer than the ex- 
ternal air, it follows, 'that the addition of the 
tube muſt increaſe the rapidity-of the ſtream of 
air, that a larger quantity muſt paſs through 
the. coals, and conſequently that'a greater * 
gree of combuſtion muſt take place. 
Me muſt not, however, conclude from theſe 
principles, that the length of this tube ought to 
be indefinitely prolonged; for, __ the heat of 

N M m the 
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the air gradually diminiſhes in paſſing from AB 


to GH, even from the contact of the ſides of the 
tube, if the tube were prolonged to a certain 
degree, we would at laſt come to a point where 
the ſpecific gravity of the included air would be 
equal to the air without; and, in this caſe, as 
the cool air would no longer tend to rife up- 


' wards, it would become a gravitating maſs, re- 


liſting the aſcenſion of the air below. Beſides, 


as this air, which has ſerved for combuſtion, is 
neceſſarily mixed with carbonic acid gas, which 


is conſiderably heavier than common air, if the 
tube were made long enough, the air might at 
laſt approach ſo near to the temperature of the 
external air, as even to gravitate downwards; 
hence we muſt conelude, that the length of the 
tube added to a furnace muſt have ſome limit, 
beyond which it weakens, inſtead of eker. 
ing, the force of the fire. 8 
From theſe reflections it follows, ha the firſt 
001 of tube added to a furnace produces more 
effect than the ſixth, and the fixth more than 
the tenth ; but we have no data to aſcertain at 


what height we ought to ſtop. This limit of 


:uſeful addition is fo much the farther in propor- 


tion as the materials of the tube are weaker con- 


ductors of heat, , becauſe the air will thereby be 


zo much leſs cooled; hence baked earth is 
much preferable to plate irbn. It would be 


of conſequence to dete de double, and 
Pe 1885 * P ; 5 . 
did 17/1 to 
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to fill the interval with rammed charcoal, which 
is one of the worſt known conductors of heat; 
by this the refrigeration of the air will be retard- 
ed, and the rapidity of the ſtream of air conſe- 
quently increaſed ; and, by this means, the tube 
may be made ſo much the longer. 
As the fire-place is the hotteſt part of a for- 
nace, and the part where the air is moſt dilated 
in its paſſage, this part ought to be made with a 
conſiderable widening or belly. This is the 
more neceſſary, as it is intended to contain the 
charcoal and crucible, as well as for the paſſage 
of the air which ſupports, or rather produces 
the combuſtion; hence we only allow the inter- 
ſtices between. the coals for the pallage of the 
alt. 2:51 or. 
From theſe niche my ils 6 is 
conſtructed, which I believe is at leaſt equal in 
power to any hitherto made, though I by no 
means pretend that it poſſeſſes the greateſt poſ- 
ſible intenſity that can be produced in chemical | 
furnaces. || The augmentation of the volume of 
air produced during its paſſage through a melt- 
ing furnace not being hitherto aſcertained from 
experiment, we are ſtill unacquainted with the 
proportions: which ſhould exiſt between the in- 
ferior and ſuperior apertures, and the abſolute 
ſize of which theſe openings ſnould be made is 
ſtill leſs underſtood; hence data are wanting 
by which 0 proceed upon principle,” and we 
M m2 can 
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can only necompliſh the wah in view by es 
ed trials. 1 f Ri i Ib 
This mas which, e 6 to the dove. 
Rated rules, is in form of an elliptical ſpheroid, 
is tepreſented Pl. XIII. Fig. 6. ABCD; it is cut 
off at the two ends by two plains, which paſs, 
perpendicular to the axis, through the foci of 
the ellipſe, From this ſhape it is capable of 
containing a conſiderable quantity of charcoal, 
while it leaves ſufficient. ſpace in the intervals 
for the paſſage: of the air. That no obſtacle 
may oppoſe the free acceſs of external air, it is 
perfectly open below, after the model of Mr 
Macquer's melting furnace, and ſtands upon an 
iron tripod. The grate is made of flat bars ſet 
on edge, and with conſiderable interſtices. To 
the upper part is added a chimney, or tube, of 
paked earth, ABF G, about eighteen feet long, 
and almoſt half the diameter of the furnace. 
Though this furnace produces a greuter heat 
than any hitherto employed by chemiſts, it is 
ſtill ſuſceptible of being conſiderably increaſed 
in power by the means already mentioned, the 
principal of which is to render the tube as bad 
a conductor of heat as poſſible, by making it 
double, end Vene the ee with rammed 
charcoal. 
When it is maids? to know if lead contains 
any mixture of gold or filver, it is heated in a 
ſtrong fire in capſules of calcined bones, which 
DT © bit! | are 
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are called Cl ppels.. The lead is oxydated; be- 
comes vitrified, and ſinks into the ſubſtante of 
tlie cuppel, while the Sold or filver, beintz! in- 
capable of oxydation, remain pure. As lead 
will not oxydate without free acceſs of air, this 
operation caunot be performed in à crucible 
placed in the middle of the burning coals*of 'a 
furnace, becauſe the” internal air, being moftly 
already teduced by the” combultion into #2otic 
and carbonic' acid gas, is no longer fit for the 
oxydition of metals. It was therefbre neceſſury 
to contrive a particular apparatus, in which tlie 
metal ſhonld'be at the ſame time expoſed to the 
influence of violent heat, and defended from con- 
tact with air rendered incombuſtible beds Its _ | 
ſage through burning coals.” 
The furnace intended for anſwering this double 
| purpoſe i is called the cuppelling or effay furnace. 
It is uſually made f a N form, as tepreſent= 
ed Pl. XIII. Fig. 8. and 10. having an aſh-hole | 
AABB; a fite-place BBCC; à laboratory CCDD, 
and a dome DDEE.. The muffle-or'{mall oven 
of baked earth GH, Fig. 9. being plated in the 
laboratory of the futnace upon croſd bars of iron, 
is adjuſted” tô the opening GCO/andluted with 
clay ſoftened in Water. The cuppels are placed | 
in this oven a” or müffle, and chatcoal'ts cotivey= 
ed inte the furnäce throtg u tlie openings of the 
dome and fire-place. The external air enters 
through the openings of the aſh-hole for ſup- 
 M m3 | porting _ 
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porting the, combuſtion, and eſcapes by. the ſu- 
pexior opening or chimney at EE; and air is 
admitted through the door of the mufſle GG for 
'oxydating the, contained metal., a. IIb 
Very little reflection is ſufficient to diſcoyer 
the ,Erronequs principles upon. which this fur- 
nace is conſtructed. . When the opening GG is 
ſhut, the oxydation is produced fowly, and with 
e for. want of air to carry it on; and, 
when this hole is open, the 1 ſtream: of cold air 
which is then admitted fixes the metal, and ob- 
ſtructs the proceſs. Theſe inconveniences may 
be eaſily remedied, by conſtructing the muffle 
and furnace in ſuch a manner that a fiream of 
freſh external air ſhould. always play upon the 
furface of. the metal, and this air ſhould be 
made. to paſs through, a pipe of clay kept con- 
tinually red hot by the fire of the furnace. By 
this means the inſide of the muffle will never be 
cooled, and proceſſes, will be finiſhed in a few 
minutes, which, at preſent require a confi edle 
ſpace of time. N _ AHI ag rob 5 
Mr Sage rewed lies theſe ijpconweniences in a 
3 he places the cuppel contain- 
ing lead, alloyed: with gold or ſilver, amongſt 
the charcoal of an ordinary. furnace, . and cover- 
| ed by. ſmall. porcelain mufle; when the whole 
18 ſufficiently, heated, he directs... the blaſt of a 


en, pair of hand bello upon the; ſurface 
of 
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of the metal, and completes the -cuppellation in 
this way with great eaſe and exaQneſs. 


SECT, WL 
of 3 the Action of Fi 10 by 5 Genre 
| G. , F Atmaſhberic We 1329 


| . means of 3 e 2 a8 
thoſe of Tchirnhauſen and of Mr de Trudaine, 
A, degree. of heat is obtained ſomewhat greater 
than has hitherto, been produced in chemical 
furnaces, or even in the ovens of furnaces uſed 
for baking hard porcelain. | But theſe inſtru- 
ments. are extremely expenſive, and do not even 
produce heat ſufficient to melt crude platina; 
ſo that their advantages are by no means ſuffi- 
cient to compenſate for the difficulty of pro- 
curing, and even of uſing them. Concave; mir- 
rors produce ſomewhat, more elſect than burn- 
ing · glaſſes of the ſame diameter, as is proved by 
_ the, experiments of Meſſrs Macquer and Beaume 
f with the ſpeculum of the Abbé Bouriot; but, 
a8 the direction of ;the, reflected rays is necefly- 
rily from below upwards, the fubſtance to. be 
operated upon muſt be placed in the air with- 


cut any ſupport, which renders. oſt; chemical 


experiments. im peel wy be performed, with this 
inſtrument. 


* m 4 For 
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. For theſe reaſons, I firſt endeavoured to em- 
| lex oxygen gas in combuſtion, by filling large 
bladders with it, and making it paſs through a 
tube capable of being ſhut by a ſtop- cock; and 
in this way I ſucceeded in cauſing it to ſupport 
the combuſtion of lighted charcoal. The in- 
tenſity of the heat produced, even in my firſt 
attempt, was ſo great as readily to melt a ſmall 
quantity of crude platina. To the ſucceſs of 
this attempt is owing the idea of the gazome- 
ter, deſcribed p. 386. et ſeq. which I ſubſtituted 
inſtead of the bladders; and, as we can give 
the oxygen gas any neceſſary degree of preffure, 
we can with this inſtrument keep up a 'conti- 
nued ſtream, and 1 it even a 68 conf . 
able force. D AVIS 
The only apparatus novitihey for pense 
of this kind conſiſts of à ſmall table, ABCD, 
Pl. XII. Fig. 15. with a hole F, through which 
paſſes a tube of copper or ſilver, ending in a 
very ſmall opening at G, and capable of! being 
opened or mot by the op-cock H. This tube 
is continued below the table at mn n'o, and is 
3 bY wer with the interior cavity of the gazo- 
meter. When we mean to operate, a hole of a few 
FP lines deep tut be made wit h a chiſcl in a piece 
EE. of aten into which the ſubſtanes to be treat- 
ed is laid; che charcoal is ſet on fire by means 
of a candle and * after which it is ex- 
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poſed to a rapid ftream of a1 8h gas — a 

n G of the tube FG. 
This manner of operating can only be uſed 
with * Hes: as may be placed, without in- 
convenience, in contact with charcoal, ſuch as 
metals, ſimple. earths, &c. But fer bodies 
| whoſe elements have affinity to charcoal, and 
which are conſequently. decompoſed by that 
ſubſtance, ſuch as ſulphats, phoſphats, and 
moſt of the neutral ſalts, metallic glaſſes, ena- 
mels, &c. we muſt uſe a lamp, and make the 
ſtream of oxygen gas paſs. through its flame. 
For this purpoſe, we uſe the elbowed blow-pipe 
8ST, inſtead of the bent one FG, employed with 
charcoal. The heat produced in this ſecond 
manner is by no means ſo intenſe as in the for- 
mer way, and js very difficultly made to melt 
platina. In this manner of operating with the 
lamp, the ſubſtances are placed in cuppels of cal - 
eined bones, or little eups of Porcelain, or even 
in metallic diſnes. If theſe laſt are ſufficiently 
large, they do not melt, becauſe, metals being 
Sood conductors of heat, che caloric ſpreads ra- 
pidly through the whole mae, ee none of! its 15 
yr are very much heated 000) 
In the Memoirs of the Academy bor 1b, 
p. 476. and for 1784, p. 573, the ſeries of ex- 

periments T have made with this apparatus fnay 
be ſeen at large. The following are ſome of the 
principal reſults. 


| © Rock 
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' 2? x; Rock cryſtal; or pure ſiliceous earth, is in- 
flulible, but becomes capable of being ſoftened or 
n gesang mixed with other ſubſtances. 
2. Lime, magneſia, and barytes, are infuſible, 
della when alone, or when combined together, 
but 1 they aſſiſt the erg of _ 
other body. VVVVllf; 
3. Argill, ac baſe of i; 18 ocomblately 
fu ble per ſe into a very hard opake vitreous ſub- 
- Nance, which ne N the ee 
* OB. t eie qoift © ol Rom ow 2 
4. All the 8 minds» and Hp are 
readily fuſed into a browniſh glaſs. 
5. All the ſaline ſubſtances, even fixed alkali, 
are volatilized in a few ſeconds. 
6. Gold, ſilver, and probably pe are 
. en _— My ae _ 
aer bt BAT 2107 OE 7,201 
5 Fs All 8 adi cet mercu- 
ah ry, become oxydated, though placed upon char- 
5 coal, and burn with different enloured: flames, 
and at laſt diſſipate altogether. / 
8. The metallic oxyd likewiſe all n with 
bee. This ſeems to form a diſtinctive charac- 
ter for theſe ſubſtantes, and even leads me to be. 
lie ve, as was ſuſpected by Bergman, that barytes 
is a metallic oxyd, though we have not hitherto 
been able to in, 1 metal in its PUBS, ox re- 
guline ſtate. rr OH 911+ Sisto 6c 
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9. Some of the, precious ſtones, as rubies, are 
capable of being ſoftened and ſoldered together, 
without injuring. their colour, or even diminiſh- 
ing their weights. The hyacinth, though al- 
moſt equally fixed with the ruby, loſes its colour 
very readily. The Saxon and Braſilian topaz, 
and the Braſilian ruby, loſe their colour very 
quickly, and loſe about a fifth of their weight, - 
leaving a white earth, reſembling white quartz, 
or unglazed china. The emerald, chryſolite, and 
garnet, are almoſt inſtantly melted into an opake 
and coloured glaſss. 
10. The diamond preſents a property —_ 
to, itſelf; it burns! in the ſame manner with com- 
buſtible bodies, and is entirely diſſipated. | 

There 3s yet another manner of employing 
oxygen gas for conſiderably increaſing the force 
of fire, by uſing it to blow a furnace, Mr A- 
chard firſt conceived this idea; but the proceſs 
he employed, by which he thought to dephlo- 
giſticate, as it is called, atmoſpheric air, or to 
deprive it of azotic gas, is abſolutely unſatiſ- 
factory. I propoſe to conſtruct a very ſimple 
furnace, for this purpoſe, of very refraQtory 
earth, ſimilar to' the one repreſented Pl. XIII. 
Fig. 4. but ſmaller in all its dimenſions, It 
1s to have two openings, as at E, through one 
of which the nozzle of a pair of bellows is to 
paſs, by which the heat is to be raiſed as high 
as poſſible with common air; after which, the 

ſtream 
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ſtream of common air from the bellows being 
ſuddenly ſtopt, oxygen gas is to be admitted 
through a tube, at the other opening, communi. 
cating with a gazometer having the preſſure of 
four or five inches of water. I can in this man- 
ner unite the oxygen gas from ſeveral gazome- 
ters, ſo as to make eight or nine cubical feet of 

gas paſs through the furnace; and i in this way I 
expect to produce a heat greatly more intenſe 
than any hitherto Known. The upper orifice of 
the furnace muſt be carefully made of conſider- 
able dimenſions, that the caloric produced may 
have free iſſue, left"the too ſudden expanſion of 
that highly elaſtic fluid mould produce: a dange- 
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No. I. 


TABLE for Gonverting Lines, or Twelfth Parts of 
an Inch, and Frattions of Lines, into Decimal 
Fraction, of the Inch. 


Twelfth Parts Decimal Decimal 


of a line. F rations, Lines. Fractions. 
1 0.00094 1 0.08333 
2 0.01389 2 016667 
5 0.02083 3 _ ©.25000 
4 02776. 4 0:33333 
5 0.03472 5 0.41667 
6 0.04167 6 0. sooo 
7 0.04861 7 0.58333 
8 805556 8 0.66667 
9 8062850 9 0.75000 
10 o.o6944 10 0.83333 
SF; 0.07039 11 0.91667 
12 0.08333 12 I.00000 


358 


No. II. 


APPENDIX. 


| TABLE for Converting the Obſerved Heights of Wa. 
ter in the Jars of the Pneumato- Chemical Appa- 
' ratus, expreſſed in Inches and g e to Cor. 


renting Brights of Mereary. 
Water. Mercury, Water. 
8 * . 00737 4. 
n r 
8 02201 Ds 
88 . 02948 54 
oO 0 - 03085 28. 
946 04422 9. 
322 05159 10. 
0, 508896 11. 
N 06633 12. 
82 07 370 13. 
2 14740 14. 
3. 22010 15. 


| Mercur Fe 


29480 


36851 
44221 


51591 


58961 


66332 


7370⁰² 
. 81072 
. 88442 


96812 


1.04182 
1.11523 


8 
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TABLE for converting the Qunce Meaſures uſed 
by Dr needle into French and Engli oa cad 


Inches *. 


Ounce 80 
Meaſures. 


1 


O O n 


50 
60 

1 0 
90 
100 

| 1000 | 


4 * 
/ 47 1 £ * 
f 8 8 . „ n *4 


Enelifh cubi- 


French cubi- | | 
23 cal Ie cal inches. 
Co I. 
3-134 3796 
4.7 8.694 
6.268 7.592 
7.835 9.490 
9.402 11.388 
10.969 13.286 
13.535 15.184 
eee e 1 
5 18.980 
„ 
47.010 506.940 
62.680 | 75 920 
78.350 94.900 
94.020 113.880 
109.690 132.860 
1 ;125:300.... 151.840 
141. 30 170. 820 
| 156.700 189.800 
1567. ooo 1898. 00 
1. Noe. 


* The ounce te of Dr Prieſtly contains an ounce 
troy, or 480 grains, of pure water. The cubical contents, 
as — in the above table, are retained 3 the 1 rench 


8 


$60 APPENDIX. 


No. IV. Apnrtional, . 


Rü Es for Reducing the Degrees of Reaumeur”s 
und of the Swediſh Thermometer, to the Corre- 
ſponding Degrees on Fabrenheit's Scale &. 


The ſcale of Fahrenheit's thermometer is di- 
vided into 212 degrees from Zero, the cold pro- 
duced by a freezing mixture of ſalt and ſnow, to 
the temperature of boiling water: Reaumeur's 
ſcale has the Zero placed at the temperature of 
freezing water or melting ice, and the interval 
between that and the temperature of boiling 
water is divided into 80 degrees: The Swediſh 
thermometer has its Zero in the ſame place with 
that of Reaumeur, and the interval to the point 
of boiling \ water is divided into 100 degrees. 
Theſe are the principal thermometers now uſed 
in er and the temperature indicated by 

any 


75 of Mr 8 . hs * * to Engliſh 
according to the beſt and moſt generally received, compa- 
riſon of their ratio, as given more at large in No. V. of 
this appendix; If, however, the experiments of Mr Eve- 
rard be followed, as noticed in No. IX. of the appendix, 
the- Engliſh cubical meafure of one ounce ought to have 
been 1.8959, inſtead of the above.—-T, | 


in = former edition of this tranſlation, a table was 
given of the degrees on Reaumeur's ſcale, with the corre- 
ſponding degrees of F ahrenheit, from freezing to boiling 
water; but the formulæ in this article were thought m more 
generally uſeful Wo more convenient —T. 
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any of them may be reduced into the corre- 
ſponding degrees on any of the others by means 
of the following ſimple canons; in which R fig- 
ni fies the degrees on the ſcale of Reaumeur, F 
thoſe of Fahrenheit, and $ thoſe of the Swediſh 


thermometer. 
1. To convert the degrees of N to thoſe 


of F. ahrenheit; ; + 3a F. 


2. To buten the degtees of Fahrenheit to 
thoſe of Reaumeur; . | 


3. To 8 the Swediſh 2212 to thoſe of 
F ahrenheit ; 2 + 32=F. | 

4. To NI Fahrenheit's to Swediſh ; 
TEN s. | 

£ To convert Swediſh degrees to. thoſe of 
. Reaumeur ; =. T | 


6. To convert Reaumeur's degrees t to Swediſh; 


NES | | 
To fark - os 2 as are unacquainted with * 


algebraic expreſſion of arithmetical formulæ, it 
will be ſufficient to expreſs one or two of theſe 
in words to explain their uſe.— 1. Multiply the 
degree of Reaumeur by 9, divide the product 
by 4, and to the quotient add 32, the ſum. ex- 

preſſes the degree on the ſcale of Fahrenheit.— 
2+ From tins degree of Fahrenheit ſubtract 32, 
| N TD n uy 


ö 
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multiply the remainder by 4, and divide the pro- 
duct by q, the quotient is the degree according 
to the ſcale of Reaumeur, &c. 


1 27 V. | ADDITIONAL. 


Rv LES As W French þ Weights and Meaſures 
into correſpondent Engliſh Denominations *, 


CI. Weights. 


The Paris pound, poids de mark of Charle- 
magne, contains 9216 Paris grains; it is divided 
into 16 ounces, each ounce into 8 gros, and 
each gros into 72 grains. It is 2255 to 0 756r 

n Troy grains. 
The Engliſh Troy pound of 12 ounces con- 
tains 5760 Engliſh Troy e and 3 18 4-48 to 
7021 Paris grains. 

The Engliſh averdupois . of 6 ounces 
contains 7000 Engliſh Troy Fenland, and i is equal 
to 8 538 Paris grains. 
To reduce Paris gre. to Enguſh FF 


grs. divide by - 
To reduce Engliſh Troy ahh to Paris 


REY eee ore 


1.2189 | 
To 


; * For the made of this Article the Tease 5 in 
debted to Profeſſor Robiſon. Es 
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To reduce Paris ounces to Engliſh 
Troy, divide by - - 
To reduce Engliſh Troy ounces to 1.015734 
Paris, multiply by - 2 | | 
Or the converſion may be made by means of 
the following Tables. 


I. To Reduce French to Engliſh Troy Weight. 


The Paris pound = 7561 
The ounce = 472. 562g Teen 
The gros 2 9 
The grain 4 8204 88885 


II. 20 Reduce Engliſh Troy to Paris Weight. 


The Engliſh Tro ound 25 
of 3 & 9 [ 8 
The Troy ounce, => 5535-0833 Paris 
The dram of 60 * i 73-1354 ; 8 
e penny- weight, or de- ; 
15 55 8 4 $4 = 1 29.2541 | grains. 
The ſcruple, of 20 grs. = 24.3784 | 
The grain, = 1.2109 J 


UI. To Reduce Engliſh Averdupois 40 Paris | 
M. eig bt. 


of 16 ounces, or 7000 Þ =8538. _ | Paris 
Troy grains, grains. 
The ounce, 2 533.6250 J 


Nn2 82 


The averdupois mt} | 
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$ 4. Long and Cubical Meaſures. 


To reduce Paris running feet or in- | 
ches into Engliſh, multiply by |. 6² 
Engliſn running feet or inches into 9 
Paris, divide by — — 
To reduce Paris cubic. feet or inches! 
to Engliſh, multiply bj 0 
Engliſh cubic feet or inches to ie © rus 
divide by - — 
Or by means of the following tables; 


IV. 2 0 Reduce Paris D Meaſure to Tar] oh, 


The Paris RE 4 of =» . 797 , 


12 inches, : 
The inch, - 1.0659 | Engliſh 
The UNE, or A of an inch, = 0888 | menes. 


hs Oy iz of a Line, = "x ;0074 


V. To Reduce Engli jb Long Meaſure to French. 


The Engliſh foot, = 2m] 


The inch, „ 
'The 2 T of an inch, = 1173 >Paris inches. 
The 5, =". 23S + a 
The line, or 22 =; O82 


VI. 
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VI. To Reduce French Cube Meaſure to Engliſh. 


The Paris | Engliſh. 3 
cube foot. 211278 { cubical J 2093. 088384 8 
The cubic A. feet; 4 
inch == ,ocoJo00J or 1.211278 


VII. To Reduce a de Cube Meaſure to French u. 


The Engliſh cube foot, } JF 
or 1728 cubical inches ha 1427-4864 ne 
The cubical inch = 8260 inches. 


The cube tenth = + ,0008 


3. Meaſure ef Ca pacity. 


The Paris pint contains 58. 145 + Engliſh cu- 
bical inches, and the Engliſh wine pint contains 
by N W 28.875 


To convert the weight of a French cubic foot of any 
particular ſubſtance given in French grains into the corre- 
ſponding weight of an Engliſh cubic foot in Engliſh troy 
grains; multiply the French grains by o. 6773181, and 
the product is the number of Engliſh troy grains contain- 
ed in an Engliſh cubic "_ of the ſame ſubſtance. 


+ It is ſaid by Belidor, Archit. Hydrog. to contain 31 oz. 
64 grs. of water, which makes it 58.075 Engliſh inches; 
but, as there is conſiderable uncertainty in the determina- 

| | tions 
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28.875 * cubical inches ; or, the Paris pint con- 
tains 2.0171082 Engliſh pints, and the Engliſh 
pint- contains .49017 Paris Ons hence, 


To reduce the Paris pint to the! 
Engliſh, multiply by - | 

To reduce the Engliſh pint to the 

Paris, divide by — - 


2.0171082 


The Septier of Paris is 7736 F 3 or 9370. 
45 Engliſh, cubical inches; and the Muid is 


92832 French, or 112445. 4 Engliſn cubical 
W 


No. 


tions of the weight of the French cubical meaſure of wa- 
ter, owing to the uncertainty of the ſtandards made uſe of, 
it is better to abide by Mr Everard's meaſure, which was 
made by the Exchequer ſtandards, and by the proportions 
of the Engliſh and French foot, as eſtabliſhed by the 
French Academy and n dt 


* According to 13 thi Paris piat contains 32 
French ounces of water, at the temperature of 54.5 of 
Fahrenheit ; which would AT it _ to 59.729 Eng- 
| Lſh cubical inches. 
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No. VI. AppitIonaL.. 


RuLzs for Reducing the Swediſh Weights and 
Meaſures, uſed by the Celebrated Bergman and 
Scheele, to Engli denominations *, 


The Swediſh pound, which is divided like the 

Engliſh Apothecary or Troy pound, weighs 
6556 Fre. troy, 

Ihe Kanne of pure water according to Berg- 
man, weighs 42250 Swediſh grains, and occupies 
10 Swediſh cubical inches. Hence the Kanne 
of pure water weighs 48088.7 19444 Engliſh troy 
grains, or is equal to 189.9413 Engliſh cubic 
inches; and the Swediſh longitudinal inch is e- 

qual to 1.238435 Engliſh longitudinal inches. 


From theſe data, the following rules are de- 
duced. | 

1. To reduce Swediſh longitudinal inches to 
Engliſh — Multiply by 1.2384, or divide by 
0.80747. 

2. To reduce Swediſh to Engliſh cubical in- 
ches—Multiply by 1.9, or divide by 0.5265, 
N n4 : To | 


For this article, which i is added in the preſent elides, 
I am indebted - to the friendly aſſiſtance of Dr Rotheram. 
e ; 

| 3 
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3. To reduce the Swediſh pound, ounce, dram, 
ſcruple, or grain, to the correſponding Engliſh 
troy denomination, multiply by I.1382, or divide 
66. 

4. To reduce the Swediſh Keb to Engliſh 
wine = multiply 800 1520207, or r Aae by 
6.57804. 

5. The Lod, a weight cates uſed by 
Bergman, is the 32d part of the Swediſh pound : 
Therefore to reduce it to the Engliſh troy pound, 
multiply by .03557, or divide by 28.1156, 


No. 
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No. VII. 
TABLE of the Werghts of the different Gaſſes, at 
28 French inches, or 29.85 Engliſh inches ba- 
rometrical preſſure, and at 54. 5® of tempera- 


ture, expreſſed in Engliſh * and Engh 70 
Troy weight, 


Names of } Specifie gravity, Weight of a cu- Weight of a eu- 


the Gaſſes. wate r being 1000. bical foot in gr. N inch in grs. 

| Atmoſpheric * 1.2308 538.45 311023 
Azotic 1.1890 520.17 243154 
Oxygen 1.3562 393.32 343345 


Hydrogen 0.094671 41.41 023964 
Carbonic acid 1.8454 807.34 467326 
Sd . 3 

Nitrous 1.4631 640.09 370422 
Ammoniacal * 0.73539 321.72 186180 
Sulphurous acid 1.8856 824.98 471631 


No. 


* Theſe Son's were aſcertained ”h Mr Lavoifier | him- 
ſelf. . 4 


CT The laſt three are inſerted by Mr Lavoiſier pon 
the authori 15 of Mr Kir wan — 1. 
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85 Nc. VIII. 
TaBIESs of the Specific Gravities of different Bodies. 


$1. Metallic 5 uhſtancet. 


GOLD. 
Pure gold of 24 carats melted but not | 
| hammered, . . 19.2581 
The ſame hammered. 19.3617 
Gold of the Pariſian ſtandard, 22 carats 
fine, not hammered ®, 17.4863 
The ſame hammered, — 17.5894 
N of the ſtandard of F rench coin, 
2142 carats fine, not hammered, 17.4022 
The Dito coined, <5 - 17.6474 
Gold of the French trinket ſtandard, 
20 carats fine, not hammered, 15.7090 
- The ſame hammered, = 15.7746 
SILVER. 
Pure or virgin filver, 12 deniers, not 
hammered, 5 — 10 743 
The ſame hammered, 10107 
Silver of the Paris ſtandard, 11 deniers 
10 grains fine, not hammered F, 10.1752 
The ſame hammered, | - = 10,3765 


Silver, 
* The ſame with Sterling. 
＋ This is 10 grs, finer than Sterling. 
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Silver, ſtandard of French coin, 10 de- 
niers 21 grains fine, not hammered, 10.0476 


The ſame coined, - EW 10.4077 
PL A 11 N A. 
| Cond platiem i in grains, 28 1 5.6017 
The ſame, after being treated with mu- | 
riatic acid, 8 3 16.7521 
Purified platina, not hammered, 19.500 
The ſame hammered, 20.3366 
The ſame drawn into wire, 21.0417 
The ſame paſſed through rollers, 22.0090 
COPPER and BRASS. | 
Copper not hammered, 2 
The ſame wire drawn, 8.8785 
Braſs not hammered, - 8.3958 
The ſame wire drawn, — 8.5441 
Common caſt braſs, - = 7.8240 
IRON AND STEEL. 
Caſt i iron, on 8 7. 2070 
Bar iron, either hardened or net, 97 7006 


Steel, neither tempered nor hardened, 7.8337 
Steel hardened . the hammer but 


not tempered, - - 7.8404 
Steel tempered and tis... - 7.8188 
Steel, tempered and not hardened, - 7.8163 


OTHER 
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OTHER METALS. 
Pure tin from Cornwall melted and not 


end. — 7.2914 
The ſame hardened, ä 7. 2994 
Mlalacca tin, not i 3 7.2963 
The ſame hardened, <- 5.3065 
Molten lead, - - 14.3523 
Molten zinc, „ Rs 
Molten biſmuth, — — 9.8227 
Molten cobalt, eee e 
Molten arſenic = 5.7633 
Molten nickel, - - = ' 94.8070 
| Molten antimony, - . 
Crude antimony, -- X fy 4.0043 
Glaſs of antimony,  <- = 4-9464 
Molybdena, - — 44.7385 
Tungſtein, F 6.0665 
oo 13.5681 
Uranium, * „ 
- $ 2. Precious Stoner | 
White Oriental diamond, - 12 
Roſe- coloured Oriental Aitto — 3.5310 
ah,, =, ho3533 
; Spinell ditto, | n | IN | 3-7600 
Ballas ditto, 1 . oy 3-0458 
Braſillian ditto, | - "co Bea 
Oriental topas, 1 3 Ox06 


2 | | Oriental 


Oriental Piſtachio topas - — 4.0615 


Braſillian ditto - - 3.5365 
Saxon ditto - - 3.5640 
Ditto white ditto 5 3.5535 
Oriental Saphir - - 3.9941 
Ditto white ditto - - 3.9911 
Saphir of Puy - N 4.07569 

Ditto of Braſil - 8 3.1307 
Giraſol — 2 4-0000 
Ceylon jargon - — 4.4161 
Hyacinth - - 3.6873 
Vertnillion So - 4.2299 
Bohemian garnet — = 4.1888 
Dodecahedral ditto — 4.0627 
Syrian ditto — 4. 0000 
Volcanic ditto with 24 fides = 2.4684 

Peruvian emerald  -—- - 2.7755 
Cryſolite of the e - 2.7821 

Ditto of Braſil 5 2.6923 

Beryl, or Oriental aqua marine 3.5489 
Occidental aqua marine — 2.7227 


| § 3. Siliceous Stones. | 
Pure rock cryſtal of Madagaſcar - 92.6530 


Ditto of Brafil <- - | aa 
Ditto of Europe, or gelatinous — 2.6548 
Cryſtallized quarts = - 2.6546 
Amorphous ditto - - 2.0471 
Oriental agate - - 2.5901 
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Agate onyx. „ „ den omtonRiit Þ 
Tranſparent calcedony 115 
Carnelian N 2 
RX . -*-. 1%] 
. ada 
Onyx pebble _ - iD tie 
Pebble of Rennes _ « 124 1 
White jade 9 121 
Green jade - Bs 
TJ 
Brown ditto 5 
Yellow ditto DR 
Violet ditto „ 
Grey ditto 3 IM l! 
Jaſponyx - 

Black priſmatic hexahedral ſchorl 
Black ſpary ditto  -— 


Black amphorous ſchorl, called antique oy 


baſaltes 5 3 
fene 
_GaadtRone =: - orbit 
'  Cutler's ſtone bo 
Fountainbleau ſtone  ' = 
Scyth ſtone of Auvergne 


Ditto of Lorrain — — 


Mill ſtone e F 
White flint 3 OE 
itt 
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$ 4. Various Stones, c. 


Opake green Italian ſerpentine, or gabro 


of the Florentines 2.4295 
Coarſe Briancon chalk =. ooo 
_ Spaniſh chalk - = 2.7902 
Foliated lapis ollaris of Dauphiny 2.7687 
Ditto ditto from Sweden 2.8531 
Muſcovy talc 285 . 2.7917 
Black mica - -; * + * "20008 
Common ſchiſtus or ſlate - 2.6718 
New ſlate = - 2.8535 
White raſor hone = 2.8763 
Black and white hone — - 3.1311 
Rhombic or Iceland cryſtal - 2.7151 
Pyramidal calcareous ſpar - \ 2.7302 
Oriental or white antique alabaſter 2.714r 
Green Campan marble - 2.7417 
Red Campan marble „ © IEEE 
White Carara marble - 2.7168 
White Parian marble To. 2.8376 
Various kinks of Calcareous ſtones from 1.3864 
uſed in France for building to 2.3902 
Ore of Uranium - 2 „ 
| Heavy ſpar - EW 4.4300 
TE - 73.7260 
7 801 0 ſpar . 348888 
White fluor . - 3.456585 
Red ditto Ka - { ©;: +1 SSGEE 
Green ditto «7 - 3.1817 
Blue ditto - fn 3.1688 


Violet 
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Violet fiuor- 5 BAS be? 3.4787 
Red ſcintilant zeolite from Edelfors 2.4868 
White ſcintilant zeolite S 
Cryſtallized zeolite ; 4-4-1 OS 
Black pitch ſtone — - 2.0499 
Yellow pitch ſtone „FF FRY 1.0860 F 
Red ditto = - (+++ -.- +: $0005 
Blackiſh ditto - - .1ic:+ ws 
Red porphyry - „„ 2.7651 
Ditto of Dauphiny - 211190 7- - e034 
Green ſerpentine - - - . 2.8960 


Black ditto of Dauphiny, called variolite 2.9339 
Green ditto from n 417 2.9883 


Flint 


Ophites * „ür 2.9722 
Granitellsl,o een 1. Sas 
Red-Egyptian granite :;; 4s 5535 2. 
Beautiful red granite - 2.7609 
Granite of Girardmas 1 reg 2.7163 
Pumice ſtone 1 
Lapis obſidia nus 2. 3480 
Pierre de Wie lf) ws 2. 3205 
' "Touch ſtone - 254153 
Baſaltes from Giants 8 2.8642 
Ditto priſmatic from Auvergne OY 
Glaſs gall | - - 2.8548 
Bottle glaſs - „ 2.7325 
Green glaſs — 2 16423 
White glaſfs - — 2.8922 
St Gobin cryſtal 27 
Leith cryſtal — — 3.1890 
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Flint glaſs : - | - A 3293 
\ Rajan glaſs - > - | 2.6070 
Seves porcelain 2 - 2.1457 
Limoges ditto - - _ . a 
China ditto - - 2.3847 
Native ſulphur - - 2.0332 
Melted ſulphur - - 1.9907 
Phoſphorus - =_ I.7140 
Hard peat - - 1. 3290 
Ambergreaſe - 9263 
Yellow tranſparent amber - 4 So 


§ 5. Liquids. 


Diſtilled water ſj — 1. ooo 


Rain water - 1 1.0000 
Filtered water of the Seine - 1.00015 
Arcueil water - Ss 1.00046 
Avray water - - 1. 0043 
Sea water - 1.0263 
Water of the Dead Sea 1.2403 
Burgundy wine . 9915 
Bourdeaux ditto - „„ 
Malmſey Madeira - 1.532 
Red beer 4 "ROO 
White ditto 5500 
Cyder — e 1.0181 
Highly rectified alkohol LOOM 8293 
n ſpirits of wine — 8371 


„„ Alkohol 


EY $0" 2 


= 


Muriatic ditto _ = 


err Io i$ ea bt Sooke ae ue; 2 _ 
— — — — S Ab A EEE OOO III 4 
U * ; 4 * 4 5 . TS. 22 25 PY N 5 5 0 ” A __ — - * * — 4 LOG i — : — OT ION 


— — — Kells — 2 . 220 Cas Ga 
TRY mn 1 Ln 2d 9 oY * 
* * F 


578 APPENDIX. 


Alkohol 15-pts. water 1 part. 
14 _ 


+ 0 O N w 


— Dd O HM AA 
— 


Solphuric — ines 
Nitric ether * 
Muriatic ether — 8 


555 ether : 
ighly concentrated gulpburic acid | 
Common Sulphuric acid — 


Highly concentrated Nitric acid 
Common Nitrie ditto = 


Fluoric . AE - 1 
Red acetous ditt 


White acetous ditt 


Diſtilled ditto ditto = 


514 


11858527 
8674 
8815 


8947 


9075 
9199 
9317 
9427 
9519 
9594 
9674 
9733 
9791 
9852 


1 


7394 
.9088 
7298 
. 8664 


20.1250 
| 1.8409 
1.5800 
1.2715 


S544 443 


1.0095 
Acetic 
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Formic ditto 0 Fa 


Solution of cauſtic ammoniac, or vola- 


tile alkali fluor - £ CD, 
Effential or volatile oil of turpentine 
Liquid turpentine op 6 
Volatile oil of lavender 4 
Volatile oil of cloyes «0797 
Volatile oil of einnamon _ 
Qt of-olives  - ' - bs 
Oil of ſweet almonds — 8 


Res Lintſeed oil - 12 


Oil of poppy ſeed 5 

Oil of beech maſt - F 
Whale oil oe NEE 
Womans milk — . 
Mares milk 93 PP 
Aſs milk — . 
Goats milk « b 
_Ewe milk - 2 7 
Cos milk — 5 
Cow whey * - 
Human urine  =— - 


{$ 6. Refins and Gums. 


Common yellow or white roſin 
Arcanſon ' = 


579 
1.0626 


9942 


8970 
8697 
9990 


8938 
1.0363 


1.0439 


29753 
9170 
9403 
9288 


9176 


9²³3 


1.0203 
1.0346 


1.0355 


1.0341 
1. 409 


1.0324 


1.0193 


1.0106 


. 
. 
— . — — —- 2 EN TIT 6 8 —_— — 
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Galipot * 1 e 


Baras * — - » 
Sandarac - wil - 
Maſtic © F 
Storax | ” — 
Quake copal 9 é _ 2 


Tranſparent ditto eT5hrt6 10 


Madagaſcar ditto 97S 


Chineſe ditto „ cnn 
Elemi - 0 — 


Oriental anime - - 


Qccidental ditto 5 0 
 Labdanum _ SS 
Ditto in tortis 5 * 


Reſin of guaiac - . 


Ditto of jallap — 2 
Dragons blood * 
Gum lac „ 8 
Tacamahaca VVV 
Benzoin „„ 
Alouchi 5 5 
Caragna | - | - 
Elaſtic gunm - * 


Camphor - - 


Gum ammoniac | - 
Sagapenum - © 


1.08 19 


1.0441 


I.0920 


I.1098 


1. 1398 
1.0452 


1.600 
1.0628 


1.0182 
1.0284 
1.0426 
1.1862 
2.4933 


1.2289 
DR 5 


ib 1390 


1.0463 


1.0924 
1. 604 


* 8 Juices extrafted_ in N from = er 


Vide Bomare's Dr. 


+ Odoriferous gum from the tree which da the 


Cortex Winteranus. 1b:d. 


t Reſin of the tree called in Mexico, Caragna, or Tres 


of Madneſs. bid: 
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Ivy gum * - - - © v6 

- Gamboge - - 1.2216 
Euphorbium 5 1.1244 
Olibanum > - 4%bb:1.t. up. 
Myrrh 8 = - - | ci web 
Helium - +» - ._ E007 1 oOggugy 
Aleppo Scamony E -- - {5/10 T2954 
Smyrna ditto - „n 
_ Galbanum > - 1.2120 
Aſſafœtida „ - 1.3275 
Sarcocolla —— — 251 1.42084 
 Opoponax "= - 1. 6226 
Cherry - tree gum < + :.1, aza645 
Gum Arabic - - 1.4323 
Tragacanth - = 1.3161 
Baſora gum — 1.4346 
 Acajou gu mfg 1.4456 
Monbain gum f 1 3 
Inſpiſſated juice of 13 2 1 
— Acacia 1.5153 
— i 44573 
Terra Japonica 5 1. 3980 

Hepatic aloes + - 1,3586 
Socotrine aloes - | 1.3795 
Inſpifſated j juice of St John' 8 vn 1.5263 
00 3 5 Opium 


Extracted in \ Perſia RO the warm countries from He- 
dera terreſtris.- Bomare. 6 


+ From a Braſilian tree of this name od, 
t From a tree of this name bid. | 
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Indigo - - 77690 
Arnotto -, - icin 
Yellow wax 62, 1 17117-9048 
White ditto 5 — „ 9686 
Ouarouchi ditto * „ - moi 
Cacao butter — om 8916 
Spermaceti - = o#tib 33 
Beef fat „5 5 * 999232 
Veal fat 3 „ 2199342 
Mutton fat - „ eee 
Tallow bay. — i 99419 
Hoggs fat - = {1379 QT; 9368 
Lard — dite 9478 
Butter 3 a * | 99423 


2 ** 1 7 
: by ” S454) 4 * 
8 7. / I 004Fs., at, AEM BL , 
fo ' + #4, 4-4 F 


* * > z 


Heart of oak 60 years old 5 3 
Coo” $7.5 _ > TCL) 1.44 0 £3.45 Ft 3 00 
. ne 

| Elm frunk 35 6710 
Aft ditto i +8450 
Beech - OS On 


1 ĩ oa 


| hs 


Maple Tal 1 V . 7550 
t e nn e 
o | .6710 


Wiltow 3 5890 
Linden Fine. 8 44 bog a 6: n 0040 


* The produce of the Tallow Tree « of Guiana, Y 
Bomare's dia. 
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Male fir - 5 5500 
Female ditto r 4980 
Poplar bug 3830 
White _— ditto 3-7 2 246) AI e 
Apple, tree e a e 7930 
rr ee 0 
Quince tree e e e e 
Medlar — - 9440 
Plumb tree ff 
Olive wood Tn Ces Il 1 . 9270 
Cherry 8 a 
JJJJJ%ꝙ , 
r 
V 1.3289 
J — 


123 1 . 1 94 BI 191. . a 2 ie > 3 1 : 
Nan —_ * 
paniſh eypreſs N 2 6440 
121 91 1 SI GIL 1089 Fad 

American cedar n. 


Pomegranate 8 8 155 1.3540 


Spaniſh mulberry tree „%%% 
? TDYDT2 78 299810: 2OE T0 


Li num vitæ EW eee 1. 
5 4 Thi 1 0 rica] 56 * 3339 


Orange tree = 5 „ 


{! 1 3 KS 4 
E ad * 

„ 117 « 
} 22 Oo 2 « 141 22 N — 
04 o. 
1 7 ; 1 | a 
» \ if F 

4 7 # + 

& & >» 


Note. The numbers in the above Table; if the Decimal 
point be carried three figures. farther. to the right hand, 
nearly expreſs the abſolute weight of an-Engliſh cube foot 
each ſubſtance in W ounces. See No. IX. of 
the Peng Kei „ e led an. * 


— * 
; 34 a4 ; SF. , - —— 
4 3 10 LA. 4 
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RON vo IX. ADDITIONAL. 


Rows for Calculating the Abſolute Gravity in 
* Engliſh Troy Weight of a Cubic Foot and Inch, 
Engliſh Meaſure, of any Subſtance hogs _ 

| $a 4 ach is known &. 


In 1696, Mr Everard, * maker 1 to the 
Exchequer, weighed before the Commiſſioners 
of the Houſe of Commons 2145.0 cubical inches, 
by. the Exchequer ſtandard foot, of diſtilled 
Water, at the temperature of 552 of F ahren- 

heit, and found it to weigh 1131 oz. 14 drs. 
Troy, of the Exchequer ſtandard. The beam 
turned with 6 grs. when loaded with 30 pounds 
in each ſcale. Hence, ſuppoſing, the. pound 
averdupois to weigh 7000 grs. Troy, a cubic 
| foot. of water weighs 62+ pounds averdupois 
or 1000 ounces averdupois, wanting, 106 grains 
f Troy. And hence, if the ſpecific gravity of 

water be called 1000, the proportional ſpecific 
gravities of all other bodies will nearly expreſs 
the number of averdupois ounces in a cubic 
foot. Or more accurately, ſuppoſing the ſpeci- 
fic- gravity of water expreſſed by 1. and of all 
tes arr in PRION e as the 
1901 . L 0k 39 * | 33 
bo K* EVE: 200 | CUNT? - If 
* The bs of this 5 the following article was com- 
| municated to the Trauſlator by Profeſſor Robiſon r. 
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cubic foot of water weighs, at the above tem- 
perature, exactly 437489. 4 grains Troy, and 
the cubic inch of water 253-175 grains, the 
abſolute weight of a cubical foot or inch of 
any body in Troy grains may be found by mul- 
tiplying their ſpecific gravity by either of the 
dom numbers reſpectively, 

By Everard's experiment, and the proportions 
of the Engliſh. and French Foot, as eſtabliſhed 
by the Royal Society and French Academy of 
Sciences, the following numbers are aſcertain- 
ed. 


Paris grains in a Paris cube foot of 


water - = 645511 
Engliſh grains in a Paris cube foot 
of water - 0 = 3529922 | 
Paris grains in an Engliſh cube foot | 

of water - — 2 533247 
2 grains in an Engliſh cube 2 

foot of water = 437489.4 
Engliſh grains in an Engliſh cube 
inch of water > - = 253-175 


By an experiment of Picard with 
the meaſure and weight of the 
Chatelet, the Paris cube foot of 


water contains of Paris grains = 641326 
Buy one of Du Hamel, made with 
great care 1 - 047276 


JJ <5 = 641666 
| Theſe 


Theſe ſhew ſome uncertainty in meaſure or 
in weights; but the above computation from 
Everard's experiment may be relied on, be- 
caſe the compariſon of the foot of England 
with that of France was made by the joint la- 
chour of the Royal Society of London and the 
French Academy of Sciendes: It agrees like- 
twiſe very nearly with the weight aſſigned by Mr 
Lavoiſier, 20 Paris 9 sta the cubical foot of 
„ 150571 Dos  vroiooe levoA: 313 vo 


q * Y ef 
"oz 7 
10 Joo! ; f g 1 
a » . 
14 
4 FM . . N f f 
1001 7 ; {! a 114. 
- : Nc. 

12 f ' of EEK # Y 

„ 18 11 45 $ 

I * 
* * 
48 © 4 9 * = 
4 12 0 # ſi * Ca 1 3 > 
4. 4 
f 5 2333 
b 444 G 
as + 
2 1 
* Li. 4 1 
= x . 
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io. X. 


"TABLES 1 Converting Ounces, Dram, and 


Grains, Troy, into Decimals of the Troy Pound 
of 12 Ounces, and oor Converting Decimals of - 
the Pound Troy into Ounces, &c. 


E 


ooo 


Grains = Pound. 
=”, Ih 
Þ 0003472 

3 .0005208 

4 
— 8 o00868 1 

6 0010417 

7 00121533 

8 - oor neny-<-: 

9 00155285 
Io 017361 
20 «0034722 
30 0052083 
40 069444 
50 0086806 
60 0104167 
70 0121528 
80 138889 
90 0156230 


Grains = Pound. 
100 0173611 
200 0374222 
300 520833 
400 0.694444 
500 868055 
Goo 1041666 

7000 1215277 

800 1388888 
900 1562499 
ooo 1736110 
2000 3472220 
3000 5208330 
4000 „6944440 
5000 8680550 
6000 1. 0418660 
7000 1.212770 
8000 1.3888880 
90 1.624990 


II. 


IL. Fer Dram 


& 
„ read 
oe F 
1 LS S I 
0 3 v3 , 
# - Ld F 
— 7 
p 0 
* * 
25 ; 


OY 
. 


* 


* 
* 


O O SwHhekKm 


10 
„ 


. * | f Onnen = Poand. 


| Drams = = - Pound. 


8104167 2 


' 0208333 
312500 
0416667 
. 0520833 
| .o625000 


0729167 
WY 


III. Fer Ounces 


0833333 


1666667 


2 500000 


3333333 
4166667 


5000 
5833333 
6606667 


75oοοο 
8333333 
9166667 


I. oooOOOO 
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. Decimals of the Pound into Ounces, G. 


Tenth parts. Won ſandtht. 
Iib. = ' 0%. dr. gr- eb. = grs. 
ot . 4% $6 0.000 34.56 
ENTER TE 51 0.007 40.32 
0.3 3 4 48 0.008 46.08 
0.4 4 6 24 0.009 51.84 
0.5 % 0 Ten thouſandth parts. 

| 0.6 5 0.000 0.576 
B l 1 0.0002 1.152 

0.8 9 4 48 ' 0.0003 1. 728 
1 6 is 0.0004 . 2.304 
Hundredtb paris. 0.0005 2.880 
0.01. o O 5% ogood 43.466 
0.02 n „ 'ooenr 4.032 
0.03 0 2 52.3 o. 0 46 
084 8 3 $504 _ coral 5.184 
0.05 O 4 48.0 Hundred thouſandth 
0.06 04.4640 parts. 
% „ 6 43-2 Qt. oo 
0.08 0 7 40.8 _ 0.09002 0.115 
0.9 0 8 38.4 0.00003 0.173 

* Thouſandths. - ©.00004 0.230 
0.001 © © 5.76 . 0.00005 0.288 
0.002 © © 11.52 0.00006, 0.346 
0.003 ,'i © © 17.28 0.00007 o. 403 
0.004 o o 23.04 0.00008 0.401 
0.005 o© O 28.80 0.00009 0.518 

| | M6... - 


„ 


= £4 


ee, 


92 


n 
Wen 


— 


APPENDIX. 
No. XI. 


TABLE of the Engli ib Cubical Inches and Decimals 
correſponding to a determinate Troy weight of 
diſtilled Water of the Temperature of 550, cal- 


eulated from Euerard's Experiment | 


For Grain, 
Gn. e 


I = . 039 


* "OS  - 
„„ | th 
CC 
. . 0276 
OS 038 - 
2 +0355 
i 1 .0395 : 


For Drams. 
Cubical cg 


e | jp 

: 2 
4 9470 
I . 1. 1849 28 


1.4219 


7 1.6589 
JJ 


0079 8 * 8 
i 


ooo 
1188 
1590 

1974 O 


—_— = 


oh, 


Libs. 
1 


© O O wh, x 


5 


5 


100 
LOGO 


For Ounces. 
. . Cubical Inches. 


2 | I.8959 | 


3-7918 
5.6877 
7.5837 
9.4796 
11.3755 


0 13.2714 


15.1674 
17.0633 
138.9592 
20.8551 


F or 1 
Cubical Inches. 


22.7510 
45˙5021 
68.2531 
91. 0042 
113.7553 


136.5063 


159.2574 


182.0084 


204.7595 


227.5 106 


1137.5530 
2275. 1061 


2275 1.0615 
. 


ENF ENMSS ͤ⁰ . ( 
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No. XII. Abprrrowat- 


Than 1 the Comparative Heats of d. ferent Bodies as 


wrong vY hs. cuter 
Hydrogen gas | . _ 
- Oxygen gas - = 4.7490 
Atmoſpheric air mn . Y 1. 7900 
Steam or aqueous vapour -, | - | __» - 1. 5500 
Carbonic acid gs | - 4 1.045. 
Arterial blood . 1.0300 
Water Es. i > | 5 1.0000 
Cows milk = 1 299 
Venous blood . e 8928 
Azotic gas 3 * 7936 
Hide of an ox with the hair | PEN 5 7870 
Lungs of a ſheep | — e 769 
Muſcular fleſh of an x - | = - +7400 
Alkohol | 935 N r 
Rice 7 192 | - 7 5060 
Horſe beans | 8 . 020 
Spermaceti oil 1 „ 5000 
Fruit of the pine tree . 0 | +5000 
Peaſe - . 8 4920 
Wheat . 8 4770 
Barlex . TH PRI 4210 
„„ LES 2 460 
Sulphuric acid Ng . 4290 
Pitcoal - Us. — — 24771 
Charcoal - | - 83 2631 
Chalx 8 EOS 2564 
Ruſt of iron N 8 +2500 
Waſhed diaphoretic PUR”, > 8 - 2272 
Oxyd of copper nearly freed from WEE. | 2272 
Quicklime - | - | 2229 
Cinders „ 1923 
Aſhes of Pitcoal - 9 EIT 1855 
Ruſt of iron nearly freed from air © 35 1666 
Waſhed diaphoretic Antimony Do. - 1666 
Aſhes of elm wood . ON - 1402 
Oxyd of Zinc nearly freed from air | 38 - 8 369 
Iron 8 f 19 5 | 1269 
Braſs — 15 „ WR 


Copper - 5 | 1111 


wh 
1 
PR 


White oxyd of tio almoſt free of in 


Zinc | | 
Tin 


-_- 
281 
W 


| Lo abi 3 
Yellow oxyd of lead almoſt free of air 
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8 7: -No. XII... A erb 
TABLE if the Ingredients i in Neutral Salts, as determi. 


o » 


| 80 1 hi *; 
f 8 ſoda 


| Kc nia 4 


Nhe potaſh 

- Nitric ſoda 

| Nitric ammoniac 
Muriatic potaſh 

Mouriatic ſoda 


Muriatic ammoniac 


Boracic ſoda 


Sulphurie argill 

Nitric calr ; 

Nitric magneſia 
Carbonic ſtrontites 


155 ned by Kirwan... 


as: 63 
5 22 
. 
30 „ 


* —_ 7 
33 3 
1 27 
30 x : 


Metallic Salts; ; 


% 
- * 
* 
— 4 
1 = 
id — 
* * 
— 
— FP 2 . PF 8 4 — 
* = : 
Ft — — 


.* 
i 
ow * , 


didii 
1 
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; 5 45 55 8 © — g = = II 
JJ EO 7 . 


CEE | 4 * > | : L 1 : 4 | had 
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il 
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1 
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